t 

0 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



r 



MMMHMI 



EP 1 061 561 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) 


Date of publication: 




int ci 7 H01 L 21/027 G03F 9/00 




on io onnn Rut lots n onnn/m 
«cu. i ^i^uuu DUiieiin ^uuuf? i 




no rr ~7 /on 




ADDlication number 99905336.6 


(86) 


International application number. 


(22) 


Date of filing: 02.03.1999 




PCT/J P99/00988 








(87) 


International publication number 








WO 99/45581 (10.09.1999 Gazette 1999/36) 


(84) 


Designated Contracting States: 


(72) 


Inventor: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




OTA, Kazuya, 




MC NL PT SE 




Nikon Corp. 








Chiyoda-ku, Tokyo 100-8331 (JP) 


(30) 


Priority: 02.03.1998 JP 6627398 






(74) 


Representative: Gill, David Alan 


(71) 


Applicant: Nikon Corporation 




W.P. Thompson & Co., 




Tokyo 100-8331 (JP) 




Celcon House, 








289-293 High Holborn 








London WC1V7HU (GB) 



CO 
IO 

CO 



CL 
LU 



(54) METHOD AND APPARATUS FOR EXPOSURE, METHOD OF MANUFACTURE OF EXPOSURE 
TOOL, DEVICE, AND METHOD OF MANUFACTURE OF DEVICE 



(57) When a mask (R) is irradiated obliquely with 
light (EL) from a lighting system, the light (EL) reflected 
from the mask (R) is projected onto a wafer (W) through 
a projection optical system (PO), and the pattern of the 
mask (R) is transferred to the wafer. If the magnification 
of the projection optical system (PO) changes because 
of a vertical movement of the mask (R), a control unit 
detects the projection position of the mask pattern 
image on a stage (WST) by a aerial image sensor (FM) 
and also detects a mark on the aerial image sensor 
(FM) by a mark detector (ALG) so as to determine the 
baseline of the mark detector. Thus, the positional shift 
of the projection position of the mask pattern image on 
the wafer due to the change in magnification is cor- 
rected to sufficiently restrict or prevent alignment inac- 
curacy involved in the change in magnification. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an exposure 
method and apparatus, a method of making an expo- 
sure apparatus, a device and a device manufacturing 
method. More particularly, the present invention relates 

- to an exposure method and apparatus which are used 

* when a circuit device such as a semiconductor device or 
liquid crystal display device is manufactured in a lithog- 

- raphy process, a method of making an exposure appa- 

• ratus, and a device and the method of manufacturing 
the device using the exposure method and apparatus. 

BACKGROUND ART 

[0002] Currently, at the sites which manufacture 
semiconductor devices, circuit devices with minimum 
line width of about 0.3 to 0.35 jim (64M(Mega) bit D- 
RAMs and the like) are mass-produced by using reduc- 
tion projection exposure apparatus, so-called steppers, 
using the i line that have a wavelength of 365 nm as illu- 
mination light from mercury lamps. At the same time, 
introduction of exposure apparatus, which are designed 
to mass-produce circuit devices of the next generation 
that have an integration degree equivalent to those in 
the class of 256Mbit and 1 G(Giga)bit D-RAMs and min- 
imum line widths of 0.25 jim, have begun. 
[0003] As the exposure apparatus for manufactur- 
ing circuit devices of the next generation, a scanning 
exposure apparatus based on the step-and-scan 
method is being developed. This apparatus uses an 
ultraviolet pulse laser beam of a wavelength of 248 from 
a KrF excimer laser source or an ultraviolet pulse laser 
beam of a wavelength of 1 93 nm from an ArF excimer 
laser source as illumination light, and linearly scans a 
mask or a reticle (to be generically called a "reticle" 
hereinafter) on which a circuit pattern is drawn and a 
wafer serving as a photosensitive substrate, relatively to 
the projection field of a reduction projection optical sys- 
tem. This allows the transfer of the entire pattern within 
a shot area on the wafer by repeating inter-shot step- 
ping operation and scanning exposure operation. 
[0004] There is no doubt that the integration degree 
of semiconductor devices will further increase, and will 
shift from 1 Gbit to 4 Gbit in the future. In this case, the 
device rule will become about 0.1 u,m, i.e., 100 nm US, 
which causes various technical problems in coping with 
such a device rule with an exposure apparatus using an 
ultraviolet pulse laser beam having a wavelength of 1 93 
nm. The resolution of an exposure apparatus which 
indicates a device rule (practical minimum line width), is 
generally expressed as in the following formula (1), 
using an exposure wavelength A, and the numerical 
aperture N.A. of a projection optical system: 

(resolution) = k • X/N.A. (1) 
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k, in this case, is called a k factor and is a positive con- 
stant equal to or less than 1 , which varies depending on 
the characteristics of the resist being used. 

[0005] As is obvious from equation (1), in order to 

5 increase the resolution, it is extremely effective to 
decrease the wavelength X. For this reason, recently, an 
EUV exposure apparatus using light in the soft X-ray 
region of 5 to 15 nm in wavelength (in this specification, 
this light will also be referred to as "EUV (Extreme Ultra- 

10 violet) light") as the exposure light has been developed. 
Such an EUV exposure apparatus has recently 
attracted a great deal of attention as a promising candi- 
date for an exposure apparatus of the generation after 
the next, having a minimum line width of 100 nm. 

is [0006] In the EUV exposure apparatus, a reflection 
type reticle is generally used. This reflection type reticle 
is obliquely irradiated with illumination light, and light 
reflected by the reticle surface is projected on a wafer 
through a projection optical system. As a consequence, 

20 a pattern, which is irradiated with the illumination light in 
an illumination area on the reticle, is transferred onto the 
wafer. This EUV exposure apparatus employs a scan- 
ning exposure method, in which a ring-shaped illumina- 
tion area is set on the reticle, and the reticle and wafer 
25 are scanned relative to the projection optical system, 
thereby sequentially transferring the entire pattern on 
the reticle onto the wafer through the projection optical 
system. 

[0007] At the wavelength (5 to 1 5 nm) of light used 

30 in the EUV exposure apparatus, no material can effi- 
ciently transmit light without any absorption. Inevitably, 
a reflection type reticle must be used. In addition, since 
it is difficult to form a beam splitter, the reticle must be 
obliquely irradiated with illumination light. 

35 [0008] For this reason, the projection optical system 
becomes non-telecentric on the reticle side. As a conse- 
quence, the displacement of the reticle along the optical 
axis appears on the wafer as a magnification change in 
the longitudinal direction of a ring-shaped exposure 

40 area (an area on the wafer which corresponds to the 
above ring-shaped illumination area on the reticle), and 
as a positional change in the transversal direction. 
[0009] This technique will be described in more 
detail with numerical values. Assuming that a projection 

45 optical system having a resolution of 100 nm L7S is 
designed by using EUV light having a wavelength of 13 
nm as exposure light; 

Equation (1) can be modified into the following 
equation (2). 

50 

N.A. = k • ^/(resolution) (2) 

[0010] If, for example, k = 0.8, then the necessary 
N.A. to obtain a resolution of 100 nm US is N.A. = 0.104 
55 % 0.1. The value N.A. is a value of the wafer side, and 
apparently, differs from that of the reticle side. 
[0011] Assuming that the projection magnification 
of the projection optical system is 1/4, which is generally 
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used in a conventional deep ultraviolet exposure appa- 
ratus (DUV exposure apparatus) with the i line, g line, 
KrF excimer laser, or ArF excimer laser as exposure 
light, when the N.A. on the wafer side is 0.1, then the 
N.A. on the reticle side is 0.025, being 1/4 that of the 
wafer side. This means, that illumination light applied to 
the reticle has a divergence corresponding to an angle 
of about ±25 mrad with respect to a principal ray. In 
order to prevent incident fight and reflecting light from 
overlapping, the minimum incident angle must be at 
least 25 mrad or more. 

[0012] For example, referring to Fig. 17, if an inci- 
dent angle 6 (= outgoing angle 6) is 50 mrad, a trans- 
verse shift e of a circuit pattern drawn on a reticle R with 
respect to a Z-direction displacement AZ of the pattern 
surface of the reticle R(to be also referred to as "the Z- 
direction displacement of a reticle* as needed) can be 
shown as: 

e = AZ • tane (3) 

[0013] As is obvious from the equation (3), when, 
tor e*arrp\e. the reticle R is displaced by 1 nm in the ver- 
tca< d reet>on 1 Z direction) as in Fig. 17, the transverse 
sr if: of an image on the reticle pattern surface becomes 
atou' 50 nrrv and the image shift of 12.5 nm being 1/4 
the transverse shrt, occurs on the wafer. The allowable 
overlay error in the semiconductor process of a device 
rule of 100 nrr US is said to be 30 nm or less, thus an 
overlay enor as large as 12.5 nm caused by a displace- 
ment of a reticle in the Z direction alone poses a serious 
problem This is because overlay errors of about 10 nm 
can be caused by other factors respectively, e.g., align- 
ment accuracy of a reticle and wafer, wafer stage align- 
ment accuracy including stepping accuracy, or the 
distortion o* the projection optical system. 
[0014] As described previously, as with the light 
having the wavelength (5 to 15 nm) used in the EUV 
exposure apparatus, no material can efficiently transmit 
light without any absorption. Inevitably, an all- reflect ion 
optical system structured by only several mirrors (reflec- 
tion optical elements) must be used as a projection opti- 
cal system, which makes it difficult to control projection 
magnification, causing a serious problem. 
[0015] Projection magnification is generally control- 
led in conventional deep ultraviolet exposure apparatus 
(DUV exposure apparatus) which uses KrF excimer 
lasers and the like as a light source by © changing the 
distances between lenses and ® changing the pres- 
sures in closed chambers between lenses. In practice, 
however, it is not easy to control the projection magnifi- 
cation by changing the distances between the mirrors, 
or changing the curvatures of the mirrors as in the dis- 
tances between lenses. In addition, since EUV light is 
absorbed by gases, the entire optical paths must be in a 
vacuumed state, therefore, prohibiting the method of 
changing the air pressures in the projection optical sys- 
tem. 



[0016] One promising choice as a method of con- 
trolling the projection magnification in an EUV exposure 
apparatus, is to utilize the phenomenon described ear- 
lier where the reticle displacement along the optical axis 
5 appears as a magnification change in the longitudinal 
direction of an exposure area onaringona wafer. That 
is, a method of controlling the projection magnification, 
by intentionally displacing the reticle in the optical axis 
direction of the projection optical system. 

10 [0017] For example, as in the case shown in Rg. 
17, when the tilt of a light beam on the reticle side is 50 
mrad, if the radius of a ring field (ring-shape illumination 
area) is, for example, 200 nm on the reticle side, and the 
reticle R moves away from the projection optical system 

is by 1 ujti, the radius of the ring field becomes (200 nm + 
50 nm). That is, the reticle image (pattern image) pro- 
jected onto the wafer is enlarged by {50 x 1 0' 9 ) -r (200 x 
10" 3 ) = 0.25 x 10" 6 = 0.25 ppm, whereas the reticle 
image is reduced when the reticle R approaches the 

20 projection optical system. 

[0018] A wafer is known to enlarge or decrease in 
size by 10 ppm or more, compared with the original size 
after many processes. In the case above, in order to 
control magnification by 10 ppm, the reticle R must be 

25 vertically moved in the Z direction by 1 0 -r 0.25 x 1 = 40 
nm. The problem, is, however, when the projection mag- 
nification is controlled 10 ppm by vertically moving the 
reticle by 40 jam, the displacement of the reticle appears 
as a transverse shift (image shift). Not only does the ret- 

30 icle image which is projected onto the ring-shape expo- 
sure area on the wafer expand by 10 ppm in the 
longitudinal direction, but also appears as a position 
change of 40 x 1 2.5 = 500 nm in the widthwise direction 
(scanning direction). In lithography with a requirement 

35 of a line width of 100 nm, about 1/3 the line width, i.e., 
30 nm, can be acceptable as a total overlay, therefore, 
an image shift of 50 nm due to magnification cannot be 
allowed. 

[0019] Under the circumstances, with an exposure 

40 apparatus employing an optical system that is non-tele- 
centric on the reticle side, e.g., an EUV exposure appa- 
ratus, a new technique to reliably reduce an overlay 
error accompanying a change in projection magnifica- 
tion needs to be urgently developed. 

45 [0020] The present invention has been made in 
consideration of the situation above, and has as its first 
object to provide an exposure apparatus which can pre- 
vent or sufficiently suppress a deterioration in overlay 
accuracy caused by adjusting (or changing) optical 

50 characteristics including the imaging characteristics 
(e.g., magnification) of a projection optical system. 
[0021] It is the second object of the present inven- 
tion to provide an exposure method which can prevent 
or sufficiently suppress a deterioration in overlay accu- 

55 racy caused by adjusting (or changing) optical charac- 
teristics including the imaging characteristics (e.g., 
magnification) of a projection optical system. 
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DISCLOSURE OF INVENTION 

[0022] According to the first aspect of the present 
invention, there is provided a first exposure apparatus of 
transferring a pattern of a mask (R) onto a substrate 
(W), comprising; an illumination system (12, M, 44) to 
irradiate the mask with an illumination light for exposure 
(EL), a projection optical system (PO) to project the illu- 

- mination light outgoing from the mask onto the sub- 
** strate, a magnification changing unit (RIFZ, 34, 80) to 

change a projection magnification of the projection opti- 

- caf system, a substrate stage (WST) to hold the sub- 
" strate, a mark detection system (ALG) to detect a mark 

located on the substrate stage, and a correction unit to 
correct a shift of a projection position of a pattern on the 
mask after a magnification change on transferring the 
pattern of the mask onto the substrate, by using a base- 
line amount of the mark detection system which corre- 
sponds to the magnification change, the magnification 
change made by the magnification changing unit 
[0023] In this case, "a mark located on the sub- 
strate stage" includes an object mounted on the sub- 
strate stage, e.g., a mark located on the substrate, as 
well as a mark such as a reference mark located on the 
substrate stage itself. In this specification, the term "a 
mark located on the substrate stage" is used. 
[0024] In addition, "the baseline amount" of the 
mark detection system has a meaning similar to the 
general meaning of this term. More specifically, the 
baseline amount is information about the positional rela- 
tionship between the detection center of the mark 
detection system and the projection position of the 
mask pattern on the substrate stage, and is used for, for 
example, position control on the substrate stage (sub- 
strate). In this specification, the term "baseline amount" 
is used in this sense. 

[0025] In the first exposure apparatus according to 
the present invention, when the mask is irradiated with 
illumination light for exposure from the illumination sys- 
tem, the illumination light outgoing from the mask is pro- 
jected onto the substrate by the projection optical 
system. As a consequence, a pattern in an area on the 
mask illuminated with the illumination light for exposure 
is transferred onto the substrate. When the projection 
magnification of the projection optical system is 
changed by the magnification changing unit on transfer- 
ring this mask pattern, the correction unit corrects the 
shift of the projection position of the mask pattern by 
using the baseline amount of the mark detection system 
which corresponds to the magnification after the 
change. This makes it possible to prevent or sufficiently 
suppress deterioration in overlay accuracy due to a 
change in the projection magnification. 
[0026] In the first exposure apparatus according to 
the present invention, at least one reference mark , 
including a specific reference mark can be provided on 
the substrate stage (WST), and the exposure apparatus 
can further comprise a position detection system (FM) 
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to detect a positional relationship between the specific 
reference mark and a projection position of a pattern 
image of the mask on the substrate stage, and the cor- 
rection unit can include a control unit (80) for calculating 
5 the baseline amount which corresponds to the magnifi- 
cation change, based on a result obtained by detecting 
the positional relationship by using the position detec- 
tion system, and a result can be obtained by detecting 
one of the specific reference mark on the substrate 
w stage and a different reference mark which relationship 
with the specific reference mark is predetermined by 
using the mark detection system. In this case, when the 
projection magnification of the magnification changing 
unit is changed on transferring a mask pattern the con- 
15 trol unit which structures a correction unit, obtains the 
baseline amount of the mark detection system which 
corresponds to the magnification after the change. To 
obtain the amount, the controller uses the position 
detection system to detect a positional relationship 
20 between the specific reference mark on the substrate 
stage and a projection position of a pattern image of the 
mask on the substrate stage, and the mark detection 
system to detect the specific reference mark or a differ- 
ent reference mark (the relationship with the specific 
25 reference mark is predetermined). That is, the positional 
relationship between the projection position of a mask 
pattern image on the substrate stage and the detection 
center of the mark detection system is obtained. In 
short, after the change in magnification, the correction 
30 unit actually measures the baseline amount, and cor- 
rects the positional shift of the projection position of the 
pattern image of the mask on the substrate due to the 
change in projection magnification by using the meas- 
urement result. This therefore makes it possible to pre- 
35 vent or sufficiently suppress deterioration in overlay 
accuracy due to a change in projection magnification. 
[0027] When a baseline amount is to be actually 
measured after the projection magnification is changed 
as described above, it is preferable that the mark detec- 
ts tion system (ALG) includes a focus detection system, 
and the exposure apparatus further comprises an 
adjustment unit for adjusting a position of the substrate 
stage in an optical axis direction to position the mark to 
a focal position of the mark detection system, based on 
45 a detection result obtained by the focus detection sys- 
tem upon detecting a mark located on the substrate 
stage by using the mark detection system. In this case, 
in measuring a baseline amount, when the mark detec- 
tion system is to be used to detect a specific reference 
yo mark on the substrate stage or a reference mark (the 
relationship with the specific reference mark is predeter- 
mined) different from the specific reference mark, the 
reference mark can be detected by adjusting the posi- 
tion of the substrate stage. This adjustment is per- 
& formed based on the detection result obtained by the 
focus detection system, in which the reference mark as 
a detection object is positioned to the focal position of 
the mark detection system. Accordingly, when align- 
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ment measurement of the substrate is performed before 
exposure, high-precision position control on the sub- 
strate can be performed by locating the substrate to the 
focal position of the mark detection system in the man- 
ner above and detecting an alignment mark on the sub- 
strate using the mark detection system. 
[0028] In the first exposure apparatus according to 
the present invention, at least one reference mark 
including a specific reference mark can be provided on 
the substrate stage (WST), the exposure apparatus fur- 
ther comprising a position detection system (FM) to 
detect a positional relationship between the specific ref- 
erence mark and a projection position of a pattern 
image of the mask on the substrate stage, and the cor- 
rection unit can include a memory unit (81 ) to store a 
baseline amount of the mark detection system (ALG), 
the baseline amount calculated by a detection result of 
the position detection system, and by a result obtained 
by detecting one of the specific reference mark on the 
substrate stage and a different reference mark which 
relationship with the specific reference mark is predeter- 
mined by using the mark detection system, and a calcu- 
lation unit (BO) to correct the baseline amount stored in 
the memory unit in accordance with the magnification 
change by calculation. In this case, the baseline amount 
is calculated in accordance with the detection result 
obtained by the position detection system and the result 
obtained by detecting one of a specific reference mark 
on the substrate stage and a different reference mark 
which relationship with the specific reference mark is 
predetermined by using the mark detection system, and 
is stored in the storage unit in advance. When the pro- 
jection magnification of the projection optical system is 
changed by the magnification changing unit on transfer- 
ring a mask pattern, the calculation unit structuring the 
correction unit corrects the baseline amount stored in 
the storage unit by calculation, in accordance with the 
magnification changed by the magnification changing 
unit. This baseline amount correction is performed 
based on, for example, the relationship between a con- 
trol value of the magnification changing unit and the 
positional shift amount of the mask pattern image on the 
substrate. As described above, according to the present 
invention, by only performing actual baseline measure- 
ment in advance and storing the result in the memory 
unit in advance, the positional shift of the projection 
position of a pattern image of a mask on the substrate 
due to a change in projection magnification can be cor- 
rected by calculation alone on magnification changing 
operation. This makes it possible to prevent or suffi- 
ciently suppress deterioration in overlay accuracy due 
to a change in projection magnification. In addition, the 
throughput can be increased. 

[0029] In the first exposure apparatus according to 
the present invention, when the projection magnification 
is changed by the magnification changing unit and the 
baseline amount of the mark detection system is to be 
actually measured, or when a baseline amount corre- 
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sponding to the projection magnification after the 
change is to be obtained by correcting the baseline 
amount obtained in advance by calculation, if the illumi- 
nation light for exposure (EL) is light in the soft X-ray 
5 region, it is preferable that the position detection system 
is a aerial image sensor (FM) which is formed on the 
substrate stage (WST), and includes a fluorescent 
material (63), a thin film made on a surface of the fluo- 
rescent material, the thin film structured of one of a 
10 reflecting layer (64) and an absorbing layer of the illumi- 
nation light for exposure, the thin film having an opening 
(SLT1 , SLT2) formed which also serves as the specific 
reference mark, and a photoelectric conversion device 
(PM) to photoelectrical^ convert light generated from 
75 the fluorescent material, the illumination light for expo- 
sure reaches the fluorescent material via the opening 
on conversion. In this case, as described above, regard- 
less of the fact that there is no material that transmits 
light in the soft X-ray region in general, the position 
20 detection system, i.e., the aerial image sensor, can per- 
form spatial image measurement by using such light as 
exposure illumination light. Therefore, the positional 
relationship between the specific reference mark (the 
above opening) on the substrate stage and the projec- 
ts tion position of the pattern image of the mask on the 
substrate stage can be easily detected by using this 
position detection system. 

[0030] In the first exposure apparatus according to 
the present invention, various projection magnification 

30 changing methods can be used. For example, the mag- 
nification changing unit can be structured of a unit to 
drive the mask in an optical axis direction of the projec- 
tion optical system. Not only in the case of a projection 
optical system that is non-telecentric on the object sur- 

35 face side (mask side), but also in the case of a projec- 
tion optical system that is telecentric on both sides, it is 
practically difficult to manufacture an optical system that 
is perfectly telecentric (at each image height within the 
projection field). In either case, when a mask is driven in 

40 the optical axis direction of the projection optical sys- 
tem, the projection magnification (or distortion) of the 
projection optical system changes regardless of 
whether the projection optical system is a refraction 
optical system, reflection/refraction optical system, or 

45 reflection optical system, therefore, the projection mag- 
nification can be easily changed by using this feature. 
[0031] In the first exposure apparatus according to 
the present invention, if the projection optical system is 
an optical system which includes a reflection optical ele- 

so ment, the magnification changing unit can be an optical 
characteristic changing unit to change optical character- 
istics of the projection optical system. In this case, the 
optical characteristic changing unit may be a unit for 
changing the distances between a plurality of reflection 

55 optical elements, or may be a unit that changes a curva- 
ture of the reflection optical element. 
[0032] In the first exposure apparatus according to 
the present invention, the projection optical system 
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(PO) can be an optical system which includes a reflec- 
tion optical element, and the exposure apparatus can 
further comprise a mask stage (RST) to hold the mask, 
and a driving unit (80, 34, 62) to synchronously move 
the mask stage and the substrate stage (WST) in a first 
direction perpendicular to an optical axis direction of the 
projection optical system, and the magnification chang- 
ing unit (RIFZ, 34, 80) is a unit to change the magnifica- 

- tion of the projection optical system in a second 
• direction perpendicular to the optical axis direction and 

the first direction by driving the mask in the optical axis 

- direction of the projection optical system via the mask 

- stage. 

[0033] In such a case, when a mask is irradiated 
with illumination light for exposure from the illumination 
system, the illumination light outgoing from the mask is 
projected onto a substrate by the projection optical sys- 
tem, and a pattern in an area on the mask which is irra- 
diated with the illumination light is transferred onto the 
suDstrate On transferring the mask pattern, the driving 
unit Fynohroncusly moves the mask stage and sub- 
smitp stage m the first direction perpendicular to the 
optical axis direction of the projection optical system. 
Wrtn this operation, the entire mask pattern is trans- 
ferred onto the substrate by scanning exposure. In addi- 
tion, the magnrfcaton changing unit is a unit for 
changing the magn.fication in the second direction 
which is perpendicular to the optical axis direction of the 
projection optical system and the first direction. This is 
performed by dnv.ng the mask stage in the optical axis 
direct on of the projection optical system, thus, the pro- 
jection magnification in the second direction can be eas- 
ily controlled and the magnification adjustment in the 
first direction (scanning direction) can be easily imple- 
mented by controlling the synchronous speed ratio. Fur- 
thermore, the correction unit can correct the positional 
shirt of the projection position of a pattern image of the 
mask on the substrate due to a change in projection 
magnification. Accordingly, this makes it possible to pre- 
vent or sufficiently suppress deterioration in overlay 
accuracy due to a change in projection magnification, 
as well as simplify magnification control. In this case, 
the illumination light for exposure is not specifically lim- 
ited. For example, the illumination light can be light in 
the vacuum ultraviolet range. Or the projection optical 
system may be a reflection optical system configured by 
only reflection optical elements, and the mask can be a 
reflection type mask. 

[0034] As described above, if a combination of a 
reflection optical system constituted by reflection optical 
elements alone and a reflection type mask is used, the 
illumination light for exposure can be light in the soft X- 
ray region. 

[0035] The first exposure apparatus according to 
the present invention can further comprise: a focal posi- 
tion detection system to detect a position of the sub- 
strate (W) on the substrate stage (WST) in an optical 
axis direction of the projection optical system; and a 



stage control unit to offset the focal position detection 
system (14a, 14b) which corresponds to a driving 
amount of the mask in the optical axis direction by the 
magnification changing unit, and feedback-control the 
5 position of the substrate stage in the optical axis direc- 
tion based a detection result obtained by the focal posi- 
tion detection system. In this case, the position of the 
substrate in the optical axis direction can be set to the 
focal position of the projection optical system on trans- 
w ferring the mask pattern by the stage control unit. In 
addition, in particular, when at least one reference mark 
including a specific reference mark is provided on the 
substrate stage (WST) and the apparatus further com- 
prises a position detection system for detecting the 
is positional relationship between the specific reference 
mark and the projection position of the pattern image of 
the mask on the substrate stage, the specific reference 
mark can be set to the focal position of the projection 
optical system in detecting the positional relationship 
20 between the specific reference mark and the projection 
position of the pattern image of the mask on the sub- 
strate stage using the position detection unit to detect a 
baseline amount This makes it possible to perform 
high-precision detection without any focus error, and as 
25 a consequence, the baseline amount can be obtained 
more accurately. 

[0036] In the first exposure apparatus according to 
the present invention, the magnification may be 
changed by the magnification changing unit in accord- 
30 ance with a given target magnification for the purpose of 
correcting thermal deformation of a mask or the like. 
However, if the apparatus further comprises a detection 
unit (80) to detect a plurality of alignment marks on the 
substrate (W) by using the mark detection system 
35 (ALG) prior to transfer of the pattern of the mask (R) 
onto the substrate, the magnification changing unit 
(RIFZ, 34, 80) can change the magnification based on 
position detection results of the plurality of alignment 
marks of the detection unit. In this case, the actual mag- 
40 nification change on the substrate is obtained based on 
the detection results on the alignment marks, and the 
projection magnification is changed by the magnifica- 
tion changing unit in accordance with the magnification 
change. This improves the overlay accuracy. 
45 [0037] In the first exposure apparatus according to 
the present invention, the projection optical system may 
be non-telecentric on the mask side. 
[0038] According to the second aspect of the 
present invention, there is provided a second exposure 
so apparatus of repeatedly transferring a pattern of a mask 
(Ft) onto a substrate (W), comprising: an illumination 
system (12, M, 44) to irradiate the mask with an illumi- 
nation light for exposure (EL); a projection optical sys- 
tem to project the illumination light for exposure 
55 outgoing from the mask onto the substrate; a substrate 
stage (WST) to hold the substrate; a mark detection 
system (ALG) to detect a mark located on the substrate 
stage; a judgement unit to judge whether it is necessary 
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to update a baseline amount of the mark detection sys- 
tem based on a predetermined judgement condition; a 
baseline updating unit to calculate a new baseline 
amount when a result of the judgement unit is affirma- 
tive; and a stage control unit to control a position of the 5 
substrate stage by using the baseline amount of the 
mark detection system which is obtained prior to trans- 
fer of the pattern of the mask onto the substrate, when 
the result of the judgement unit is negative, and using 
the new baseline amount to transfer the pattern of the w 
mask onto the substrate, when the resuft of the judge- 
ment unit is affirmative. 

[0039] According to this aspect, while mask pat- 
terns are repeatedly transferred onto a substrate, the 
judgement unit determines, based on a predetermined 75 
condition, whether rt is necessary to update the base- 
line amount of the mark detection system, and the 
baseline updating unit calculates a new baseline 
amount when a result of the judgement unit is affirma- 
tive. And with the stage control unit, if the judgement 20 
result obtained by the judgement unit is negative, the 
stage control unit controls the position of the substrate 
stage by using the baseline amount of the mark detec- 
tion unit which is obtained upon transferring the mask 
patterns onto the substrate. If the judgement result 25 
obtained by the judgement unit is affirmative, the stage 
control unit uses the updated baseline amount obtained 
upon transferring the mask patterns onto the substrate 
to control the substrate stage position. As the predeter- 
mined condition above, if a condition that allows estima- 30 
tion of the possibility that the baseline amount will vary 
beyond the allowable value is set, in the case the base- 
line amount varies within the allowable value, and the 
positional shift of the transferred image of the mask pat- 
tern can be neglected, the position of the substrate 35 
stage during exposure is controlled by using the base- 
line amount obtained in advance. If the baseline amount 
is likely to vary beyond the allowable value, and the 
positional shift of the transferred image of the mask pat- 
tern cannot be neglected, a new baseline amount is 40 
obtained by measurement (or calculation), and the posi- 
tion of the substrate stage during exposure is controlled 
by using the newly obtained baseline amount. This 
makes it possible to prevent or sufficiently suppress the 
positional shift of the projection position of the mask pat- 45 
tern image on the substrate. In addition, since the base- 
line amount is re-measured (or re-calculated) only when 
required, the throughput can be increased. 
[0040] In this case, various conditions are conceiv- 
able as the above determination condition. For example, so 
the judgement unit can determine whether it is neces- 
sary to update the baseline amount of the mark detec- 
tion system, depending on whether the substrate, as a 
object onto which the mask pattern is to be transferred, 
is a first substrate of a lot. ' ^ 

[0041] According to the third aspect of the present 
invention, there is provided a first exposure method of 
transferring a pattern formed on a mask (R) onto a sub- 



strate (W) through a projection optical system (PO) 
while synchronously moving the mask and the sub- 
strate, wherein on transferring the pattern of the mask 
irradiated with the illumination light onto the substrate 
through the projection optical system, a pattern surface 
of the mask is irradiated with an illumination light for 
exposure (EL) at a predetermined incident angle, and a 
desired projection magnification of the projection optical 
system in a direction perpendicular to the synchro- 
nously moving direction is set, and a position of the sub- 
strate is controlled by using a baseline amount of a 
mark detection system (ALG) to detect an alignment 
mark on the substrate which corresponds to the desired 
projection magnification. 

[0042] According to this aspect, in irradiating the 
pattern surface of a mask with exposure illumination 
light at a predetermined incident angle (including an 
incident angle of 0°) and transferring a pattern of the 
mask irradiated with the exposure illumination light onto 
a substrate through the projection optical system, when 
the projection magnification of the projection optical 
system is set to a desired value in a direction perpendic- 
ular to the synchronous moving direction, the position of 
the substrate is controlled by using the baseline amount 
of the mark detection system for detecting alignment 
marks on the substrate which corresponds to the base- 
line amount after this setting. In this case, the projection 
magnification in the synchronous moving direction, can 
be controlled by adjusting the synchronous velocity ratio 
between the mask and the substrate. This makes it pos- 
sible to change the projection magnification and prevent 
deterioration in overlay accuracy due to the change. 
[0043] In this case, the baseline amount corre- 
sponding to the desired projection magnification can be 
a baseline amount detected after the desired projection 
magnification is set Alternatively, the baseline amount 
corresponding to the desired projection magnification 
can be a baseline amount previously obtained and cor- 
rected by calculation in accordance with the projection 
magnification. In the latter case, projection magnifica- 
tion can be changed, as well as prevent deterioration in 
overlay accuracy due to the change, without performing 
any baseline measurement upon exposure. 
[0044] In the first exposure method according to the 
present invention, the mask may be a reflection type 
mask, and the projection optical system may be a 
reflection optical system. 

[0045] According to the fourth aspect of the present 
invention, there is provided a second exposure method 
of transferring a pattern formed on a mask (R) onto a 
substrate (W) through a projection optical system (PO) 
while synchronously moving the mask and the sub- 
strate, wherein optical characteristics of the projection 
optical system are adjusted prior to transfer, and a posi- 
tional relationship between a projection area of a pat- 
tern image and the substrate during the synchronous 
movement is adjusted so as to compensate a shift of the 
projection area in an image field of the projection optical 
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system. 

[0046] According to this aspect, the optical charac- 
teristics of the projection optical system are adjusted 
before the pattern of the mask is transferred onto the 
substrate through the projection optical system by syn- s 
chronously moving the mask and the substrate. On 
transferring the mask pattern onto the substrate, the 
positional relationship between the projection area of 
- the pattern image and the substrate during synchro- 
nous movement of the mask and substrate adjusted, w 
This adjustment is made so as to compensate for the 
shift of the projection area of the pattern image within 
the image field of the projection optical system, which is 
caused by the adjustment of the optical characteristics. 
This therefore makes it possible to prevent or sufficiently 15 
suppress deterioration in overlay accuracy due to the 
adjustment of optical characteristics. 
[0047] In this case, an exposure position on the 
substrate (W) can be determined by positional informa- 
tion obtained by detecting a mark on the substrate (W) 20 
by using a mark detecting system (ALG), and the posi- 
tional relationship between the projection area and the 
substrate can be adjusted by synchronous movement of 
the substrate with respect to the mask (R), the substrate 
controlled in accordance with a baseline amount of the 25 
mark detection system (ALG) after adjustment of the 
optical characteristics and the predetermined exposure 
position information. 

[0048] In the second exposure method according to 
the present invention, the synchronous movement may 30 
be performed by using one of the baseline amount of 
the mark detection system (ALG) which is measured 
after adjustment of the optical characteristics, and the 
baseline amount of the mark detection system which is 
calculated from the adjusted optical characteristics 35 
More specifically, if the optical characteristics greatly 
change after the adjustment of optical characteristics, 
since the baseline amount is likely to greatly change 
due to the adjustment of optical characteristics, the 
baseline amount of the mark detection system can be 40 
actually measured. In contrast, if the optical characteris- 
tics hardly change after the adjustment of optical char- 
acteristics, the baseline amount of the mark detection 
system, which is calculated from the adjusted optical 
characteristics, can be used. In the latter case, the over- 45 
lay accuracy hardly deteriorates upon usage of the cal- 
culated value obtained by correcting the baseline 
amount before the adjustment with the change in base- 
line amount, which is calculated based on the relation- 
ship between the adjustment amount of optical 50 
characteristics and the baseline amount. 
[0049] In the second exposure method according to 
the present invention, a projection magnification of the 
pattern image in a direction perpendicular to the syn- 
chronous moving direction of the substrate can be 55 
adjusted by moving the mask in a direction along an 
optical axis of the projection optical system (PO) based 
on at least one of a plurality of positional information 



obtained by detecting a plurality of marks on the sub- 
strate (W) by using the mark detection system (ALG), 
and a plurality of positional information obtained by 
detecting a plurality of marks (RM) on the mask (R) 
through the projection optical system. In this case, the 
expansion/contraction amount of the substrate can be 
obtained based on a plurality of positional information 
which are obtained by detecting a plurality of marks on 
the substrate using the mark detection system. In addi- 
tion, the magnification (or magnification change) of the 
mask pattern image projected on the substrate can be 
obtained on the basis of a plurality of positional informa- 
tion which are obtained by detecting a plurality of marks 
on the mask through the projection optical system. 
Therefore, the projection magnification of the pattern 
image in the direction perpendicular to the synchronous 
moving direction of the substrate can be properly 
adjusted based on either the plurality of positional infor- 
mation which are obtained by detecting the plurality of 
marks on the substrate using the mark detection system 
or the plurality of positional information which are 
obtained by detecting the plurality of marks on the mask 
through the projection optical system. 
[0050] in the second exposure method according to 
the present invention, the mask (R) can be a reflection 
type mask irradiated with an illumination light for expo- 
sure (EL) which principal ray tilts with respect to a pat- 
tern surface of the mask, and the illumination light (EL) 
can be an extreme ultraviolet light which has a spectrum 
within a wavelength range of 5 to 15 nm, and the projec- 
tion optical system (PO) can be non-telecentric on the 
mask side and can be configured only by a plurality of 
reflection optical elements. 

[0051] According to the fifth aspect of the present 
invention, there is provided a third exposure method of 
repeatedly transferring a pattern of a mask (R) onto a 
substrate (W) through a projection optical system (PO), 
comprising: a first step of monitoring a change in physi- 
cal quantity which becomes a factor that changes a 
baseline amount of a mark detection system (ALG) for 
detecting a mark on the substrate; a second step of 
judging whether it is necessary to update the baseline 
amount of the mark detection system, which depends 
on whether the physical quantity exceeds a predeter- 
mined acceptable value; and a third step of obtaining a 
new baseline amount when a judgement result is affirm- 
ative and controlling a position of the substrate by using 
the new baseline amount, and controlling the position of 
the substrate by using the baseline amount of the mark 
detection system when the judgement result is nega- 
tive, and performing exposure. 

[0052] According to this aspect, in the first step, a 
change in physical quantity, which becomes a factorthat 
changes the baseline amount of the mark detection sys- 
tem for detecting marks on the substrate is monitored. 
In the second step, depending on whether the physical 
quantity has exceeded the predetermined allowable 
value, it is judged whether it is necessary to update the 
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baseline amount of the mark detection system. In the 
third step, if the judgement result is affirmative, a new 
baseline amount is obtained that is used to control the 
position of the substrate. If the judgement result is neg- 
ative, the previously obtained baseline amount of the 5 
mark detection system is used to control the position of 
the substrate, and exposure is performed. Accordingly, 
in the case that the physical quantity becomes a factor 
which changes the baseline amount of the mark detec- 
tion system, and the variation in baseline amount is 10 
likely to exceed the acceptable value, hence the posi- 
tional shift of the transferred image of the mask pattern 
cannot be neglected, a new baseline amount is 
obtained by measurement (or calculation) and the posi- 
tion of the substrate stage during exposure is controlled 75 
by using the new baseline amount. In contrast to this, 
when the physical quantity falls within the predeter- 
mined acceptable value and a variation in baseline 
amount falls within the acceptable value, the positional 
shift of the transferred image of the mask pattern can be 20 
neglected, therefore, the position of the substrate stage 
during exposure can be controlled by using the baseline 
amount previously obtained. This makes it possible to 
prevent or sufficiently suppress the positional shift of the 
projection position of the mask pattern image on the 25 
substrate. In addition, the throughput can be increased 
since a baseline amount is re-measured (re-calculated) 
only when necessary. 

[0053] In the third exposure method according to 
the present invention, various physical quantities are 30 
conceivable as the physical quantity to be monitored in 
the first step. For example, physical quantity monitored 
in the first step can be a changing amount of the mask 
by thermal expansion. In this case, the changing 
amount of the mask by thermal expansion can be esti- 35 
mated based on a measurement result on a tempera- 
ture distribution of the mask. 

[0054] in the third exposure method according to 
the present invention, the physical quantity monitored in 
the first step is an image forming characteristic of the 40 
projection optical system. 

[0055] In the third exposure method according to 
the present invention, if the projection optical system is 
an optic system including a mirror, the physical quantity 
monitored in the first step can be a deformation amount 45 
of the mirror. 

[0056] According to the sixth aspect of the present 
invention, there is provided a method of making an 
exposure apparatus for transferring a pattern of a mask 
onto a substrate, comprising: the step of providing an so 
illumination system to irradiate the mask with an illumi- 
nation light for exposure; the step of providing a projec- 
tion optical system to project the illumination light for 
exposure outgoing from the mask onto the substrate; 
the step of providing a magnification changing unit to 55 
change a projection magnification of the projection opti- 
cal system; the step of providing a substrate stage to 
hold the substrate; the step of providing a mark detec- 



tion system to detect a mark located on the substrate 
stage; and the step of providing a correction unit to cor- 
rect a shift of a projection position of the pattern of the 
mask after a magnification change on transferring the 
pattern of the mask onto the substrate, by using a base- 
line amount of the mark detection system which corre- 
sponds to the magnification change, the magnification 
change made by the magnification changing unit. 
[0057] According to this aspect, the exposure appa- 
ratus can be manufactured by mechanically, optically, 
and electrically combining an illumination system, pro- 
jection optical system, magnification changing unit' sub- 
strate stage, correction unit, and other various 
components and adjusting them. In this case, a static 
type exposure apparatus such as a step-and-repeat 
type exposure apparatus can be made. 
[0058] The method of making an exposure appara- 
tus according to the present invention may further com- 
prise: the step of providing a mask stage to hold the 
mask; and the step of providing a driving unit to syn- 
chronously move the mask stage and the substrate 
stage in a first direction perpendicular to an optical axis 
direction of the projection optical system. In this case, a 
scanning exposure apparatus based on the step-and- 
scan method or the like can be made, which can correct 
image distortion characteristics by changing/adjusting 
the scanning velocity of the mask stage and substrate 
stage and the angle in between the scanning directions. 
[0059] In the lithography process, a plurality of lay- 
ers of patterns can be formed on a substrate with high 
overlay accuracy by performing exposure using the 
exposure method according to the present invention. 
This makes it possible to manufacture microdevices 
with higher integration and high yield. Likewise, in the 
lithography process, a plurality of layers of patterns can 
be formed on a substrate with high overlay accuracy by 
performing exposure using the exposure apparatus 
according to the present invention. This makes it possi- 
ble to manufacture microdevices with higher integration 
and high yield. From another point of view, the present 
invention is a device manufacturing method using the 
exposure method of the present invention and the 
lithography system of the present invention, and a 
device manufactured by the manufacturing method of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0060] 

Fig. 1 is a view schematically showing the arrange- 
ment of an exposure apparatus according to the 
first embodiment of the present invention; 
Fig. 2 illustrates the internal arrangement of a light 
source unit in Rg. 1; 

Rg. 3 is a left side view of the light source unit in 
Rg. 2; 

Rg. 4 is a view indicating the details of components 
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near the reticle stage in Fig. 1 ; 
Fig. 5 is a schematic plan view of a reticle; 
Fig. 6 is a view for explaining the configuration of an 
interferometer system for measuring the positions 
of the reticle stage and wafer stage within the X-Y 
plane; 

Fig. 7 is a plan view showing an example of the slit 
plate and its driving mechanism in Fig. 1 ; 
Fig. 8 is a schematic view illustrating the internal 
arrangement of the projection optical system in Fig. 
1; 

Fig. 9A is a plan view showing a aerial image sen- 
sor; 

Fig. 9B is a side view of the aerial image sensor; 
Fig. 10 is a block diagram schematically showing 
the configuration of a control system related to the 
position and posture control of the wafer (wafer 
stage) and reticle (reticle stage); 
Fig. 1 1 is a view showing how a reticle pattern is 
transferred onto a plurality of shot regions on the 
wafer; 

Fig. 12 is a flow chart for explaining an exposure 
sequence of the exposure apparatus according to 
the first embodiment; 

Fig. 13 is a view for explaining a modification; 
Fig. 14 is a view for explaining an exposure 
sequence of an exposure apparatus according to 
the second embodiment; 

Fig. 1 5 is a flow chart for explaining the device man- 
ufacturing method in the embodiment. 
Fig. 16 is a flow chart showing processing in step 

204 of Fig. 15. 

Fig. 17 is a view for explaining problems to be 
solved by the present invention. 



Best Mode for Carrying out the invention 

({First Embodiment)) 

[0061] The first embodiment of the present inven- 
tion will be described below with reference to Fig 1 to 
12. 

[0062] Fig. 1 schematically shows the general 
structure of an exposure apparatus 10 according to the 
first embodiment. The exposure apparatus 10 is a pro- 
jection exposure apparatus designed to perform expo- 
sure operation by the step-and-scan method using light 
(EUV light) in the soft X-ray region with a wavelength 
from 5 nm to 15 nm as the exposure illumination light 
EL. In this embodiment, as will be described later, a pro- 
jection optical system PO for vertically projecting the 
reflected light beam from a reticle R as a mask onto a 
wafer W is used. The projecting direction, therefore, of 
the illumination light EL projected from the projection 
optical system PO onto the wafer W, will hereinafter be 
referred to as the optical axis direction of the projection 
optical system PO. This optical axis direction will be 
defined as the 2-axis direction; the Y-axis direction 



being the lateral direction within the drawing surface of 
Fig. 1 in a plane perpendicular to the Z-axis direction; 
and the X-axis direction being a direction perpendicular 
to the drawing surface. 

5 [0063] The exposure apparatus 1 0 projects through 
the projection optical system PO, an image of a part of 
the circuit pattern drawn on the reflection type reticle R 
serving as a mask onto a wafer W serving as a sub- 
strate, while relatively scanning the reticle R and the 
10 wafer W in a linear direction (Y-axis direction in this 
case) in respect to the projection optical system PO. 
The entire circuit pattern of the reticle R is thus trans- 
ferred respectively onto a plurality of shot areas on the 
wafer W by the step-and-scan method. 
is [0064] The exposure apparatus 10 comprises a 
light source unit 12 for horizontally emitting EUV light EL 
along the Y direction, a deflection mirror M (part of an 
illumination optical system) for reflecting the EUV light 
EL from the light source unit 12 and bending its optical 
20 path to make the light incident on the pattern surface 
(lower surface in Fig. 1) of the reticle R at a predeter- 
mined incident angle 0 (8 is about 50 mrad in this case), 
a reticle stage RST serving as a mask stage for holding 
the reticle R, the projection optical system PO made up 
25 of a reflection optical system which irradiates the EUV 
light EL reflected on the pattern surface of the reticle R 
in a direction perpendicular to the exposing surface of 
the wafer W, a wafer stage WST serving as a substrate 
stage for holding the wafer W, focus sensors (14a and 
30 1 4b), and an alignment optical system ALG serving as a 
mark detection system. 

[0065] As shown in Fig. 2, the light source unit 1 2 is 
structured of a laser plasma light source 1 6 and a part 
of the illumination optical system (PRM, IM, 30). The 
35 light source 16 comprises, for example, a high-power 
laser 20 such as a YAG laser which is a semiconductor 
excited laser or an excimer laser. It also comprises a 
condenser lens 22 for condensing a laser beam L from 
the high-power laser 20 to a predetermined condensing 
40 point, and an EUV light generating material 24 such as 
a copper tape arranged at the condensing point. 
[0066] The mechanism for generating EUV light will 
be briefly described below. When the EUV light generat- 
ing material 24 disposed at the condensing point of the 
45 condenser lens 22 is irradiated with the laser beam L 
from the high-power laser 20, the EUV light generating 
material 24 is heated to a high temperature by the 
energy of the laser beam. The heated EUV light gener- 
ating material 24 becomes excited to a plasma state, 
so thereby emitting the EUV light EL in transition to a low 
potential state. 

[0067] Since the EUV light EL emitted in this man- 
ner diverges in all directions, a parabolic mirror PRM is 
disposed within the light source unit 12 to condense the 
55 light. The EUV light EL is condensed and collimated by 
this parabolic mirror PRM. An EUV light reflecting layer 
for reflecting EUV light is formed on the inner surface of 
the parabolic mirror PRM, and a cooling device 26 is 
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attached to the rear surface of the parabolic mirror 
PRM. A unit using a cooling liquid is preferably used as 
the cooling device 26 in consideration of cooling effi- 
ciency. The present invention, however, is not limited to 
this. The parabolic mirror PRM is preferably made of 
metal in consideration of thermal conductivity It is 
known that in the case a multi-layer film formed by arter- 
nately depositing layers consisting of two different mate- 
rials is used as the EUV light reflecting layer formed on 
the surface of the parabolic mirror PRM, only light hav- 
ing a specific wavelength is reflected. If, for example 
several ten layers consisting of molybdenum (Mo) and 
silicon (Si) are coated, EUV light having a wavelength of 
about 13.4 nm is selectively reflected. With molybde- 
num and beryllium, EUV light having a wavelength of 
about 11.5 nm is reflected. Light having wavelengths 
that are not reflected are absorbed by the multilayer film 
and the like and converted into heat. As a consequence 
the temperature of the parabolic mirror PRM rises To 
cool the parabolic mirror PRM, the cooling device 26 is 
required. The EUV light collimated by the parabolic mir- 
ror PRM has a circular sectional shape perpendicular to 
the optical axis and is a collimated light of uniform inten- 
sity distribution. 

[0068] The light source unit 1 2 further incorporates 
an illumination mirror IM for reflecting the collimated 
EUV light EL and deflecting it toward the deflection mir- 
ror M in Fig. 1. it also incorporates a wavelength selec- 
tion window 30 made of beryllium or the like and 
disposed downstream (the right side on the drawing 
surface of Fig. 2) of the illumination mirror IM in the 
traveling direction of the EUV light EL As shown in Fig 
2, the illumination mirror IM has a curved surface on the 
side where the EUV light EL is irradiated. On the curved 
surface, a reflecting layer made of a multilayer film in 
which two different materials selected in accordance 
with the wavelength of the EUV light EL (for example 
several ten molybdenum (Mo) and silicon (Si) coated in 
layers) being alternately deposited in layers, is formed 
The illumination mirror IM is designed so that the EUV 
light reflected on this reflecting surface focuses in the 
form of a long slit when irradiated on the reticle R. 
[0069] The vertical direction within the drawing sur- 
face of Fig. 2 corresponds to a direction perpendicular 
to the longitudinal direction of an arcuated illumination 
area having a predetermined area (an illumination area 
with a shape of a portion of the ring-shaped illumination 
area) which will be described later, upon illuminating the 
pattern surface of the reticle R which will also be 
described later. The focal plane of the illuminating light 
coincides with the pattern surface of the reticle R. In this 
case, even though the pattern surface of the reticle R is 
said to coincide with the focal plane, the light source of 
the EUV light EL has a finite size. The EUV light EL 
therefore, has a width of about 1mm to 10mm on the 
focal plane. Consequently, the EUV light EL is not too 
thin to illuminate the arcuated illumination area A cool- 
ing device 28 identical to the cooling device 26 



described above is arranged on the back surface side of 
the reflecting surface of the illumination mirror IM. 
[0070] The wavelength selection window 30, in this 
case, is arranged for the purpose of cutting off visible 
s light. The EUV reflecting film made of a multilayer film 
has considerably strong wavelength selectivity with 
respect to wavelengths near the wavelength of EUV 
light, and selectively reflects only light having a specific 
wavelength used for exposure, however, visible light 
io ultraviolet light, and the like are similarly reflected In the 
case these light beams are guided to the reticle R or the 
projection optical system PO, the reticle R or the mirrors 
(to be described later) constituting the projection optical 
system PO generate heat due to the extra energy. And 
is in the worst case, the unnecessary light transferred onto 
the wafer W may result in deterioration of image quality. 
For these reasons, the wavelength selection window 30 
is used to prevent such inconvenience from occurring. 
[0071 ] Fig. 3 shows a one sided view in the Y direc- 
ts ton (the left side of Fig. 2) of the light source unit 1 2 in 
Fig. 2. In Fig. 3, the deflection mirror M in Fig 1 is 
located on the rear side of the drawing surface. 
Atthough the reflecting surface of the illumination mirror 
iS not shown in Rfl- 3, it has a rectangular shape 
25 when viewed from the rear side of the drawing surface 
of Fig. 3. That is, the reflecting surface of the illumina- 
tion mirror IM is of a concave shape in Fig. 2 and of a 
rectangular shape in Fig. 3 which is a left side view of 
this reflecting surface. Accordingly, the reflecting sur- 
30 face has a similar shape as that of a portion of the cylin- 
drical inner surface. In this case, the EUV light EL 
converges within the drawing surface of Fig 2 but 
remains collimated within the drawing surface of Fig 3 
thus, the length in the lateral direction in Fig. 3 coincides 
35 with the length of the arcuated illumination area in the 
longitudinal direction. The light is said to be collimate 
however, since the light source has a finite size as 
described above the spatial coherency is not equal to 
zero. 

40 [0072] The reticle stage RST, arthough not shown in 
Fig. 1, is actually arranged on a reticle stage base 32 
arranged along the X-Y plane and supported by Imita- 
tion above the reticle stage base 32 with a magnetic lev- 
itation type two-dimensional linear actuator 34 as 
« shown in Fig. 4. The reticle stage RST is driven in the Y 
direction with predetermined strokes by the magnetic 
levitation type two-dimensional linear actuator 34 and 
is also finely driven in the X direction and the 6 direction 
(rotational direction around the Z-axis). In addition the 
so reticle stage RST can be finely driven in the Z direction 
and a direction inclined to the X-Y plane by the mag- 
netic levitation type two-dimensional linear actuator 34. 
[0073] A permanent magnet (not shown in Figs ) is 
arranged on the bottom portion of a peripheral portion 
55 of the reticle stage RST. The magnetic levitation type 
two-dimensional linear actuator 34 is structured of the 
permanent magnet and a coil 34a being wound on the 
reticle stage base 32 in the X-Y two-dimensional direc- 
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tions. The position and posture of the reticle stage RST 
in the six-dimensional directions is controlled by control- 
ling the current flowing in the coil 34a with the main con- 
troller 80. 

[0074] The reticle * stage RST, as shown in the 5 
enlarged view of Fig. 4, comprises a reticle holder RH 
for holding the reticle R at a position opposite to the ret- 
icle stage base 32. It also comprises a stage body 35 for 
holding a peripheral portion of the reticle holder RH, and 
within the stage body 35 a temperature control unit 36 is w 
arranged on the rear surface side (upper surface side) 
\ of the reticle holder RH to control the temperature of the 
reticle holder RH. As the reticle holder RH, a reticle 
holder based on the electrostatic chucking method is 
used. This is due to the exposure illumination light being 75 
an EUV light EL. The exposure apparatus 10 of this 
embodiment, in practical use, is housed in a vacuum 
chamber (not shown in Figs.), therefore, a reticle holder 
based on the vacuum chucking scheme cannot be 
used. The reticle holder RH may be made of the same 20 
material as that used for a conventional DUV exposure 
apparatus, e.g., a heat-resistance glass or a ceramic 
material. 

[0075] On the reticle chucking surface of the reticle 
holder RH, a plurality of temperature sensors 38 are 25 
arranged at predetermined intervals. The temperature 
sensors 38 accurately measure the temperature of the 
reticle R, and the temperature control unit 36 controls 
the temperature based on the measured results to 
maintain the temperature of the reticle R at a predeter- 30 
mined target value. As a cooling device structuring the 
temperature control unit 36, a unit based on the liquid 
cooling method which introduces a cooling liquid 
through a flexible tube from the exterior can be 
employed. A unit based on a method of using an elec- 35 
tronic element such as a Peltier element, and a unit 
based on a scheme of using a heat exchanger such as 
a heat pipe, or the like can also be used. 
[0076] On one side surface of the reticle stage RST, 
in the Y direction, a reflecting surface 40a that is mirror- 40 
polished to reflect light of the visible range is formed. 
Although not shown in Fig. 4 t one side surface of the 
reticle stage RST in the X direction is also mirror-pol- 
ished to form a reflecting surface 40b for light in the vis- 
ible range as is illustrated in Fig. 6. In the exposure 45 
apparatus 10, identical to the conventional exposure 
apparatus using the DUV light source, the position of 
the reticle stage RST within the X-Y plane is controlled 
by an interferometer system which irradiates the reflect- 
ing surfaces 40a and 40b with measurement beams, so 
This interferometer system will be described later in 
detail. 

[0077] On the surface (pattern surface) of the reticle 
R, a reflecting film for reflecting EUV light is formed. 
This reflecting film is a multilayer film formed by alter 55 
nately depositing layers consisting of two different mate- 
rial. In this case, a multilayer film made of molybdenum 
(Mo) and silicon (Si) is used to form a reflecting film hav- 



ing a reflectivity of about 70% with respect to EUV light 
having a wavelength of about 13 nm. This reflecting film 
is coated with a material that absorbs EUV light, and 
then patterning is performed. Once patterning is per- 
formed on a reflecting substance such as a multilayer 
film, the pattern cannot be recovered in the case of a 
failure, whereas, the method of forming an absorbing 
layer (absorbing film) and patterning it allows recovery 
of the patterning. Since most materials that exist do not 
reflect EUV light, they can be used as the absorbing 
layer. In this embodiment, as will be described later, 
laser interferometers (RIFZ1 to RIF23) are used to 
measure the 2-direction position of the reticle R. Hence, 
with respect to measurement beams (in the visible 
range) from these laser interferometers, an absorbing 
layer which reflectivity is almost equal to that of the 
reflecting layer (reflecting film) is formed. In addition, the 
criteria of selecting the material for this absorbing layer 
may be, e.g., easiness in patterning, adherence to the 
reflecting layer, the degree of age deterioration due to 
oxidation and the like. 

[0078] Fig. 5 shows an example of the reticle R. A 
rectangular area in the center of Fig. 5 is a pattern area 
PA. The arcuated region indicated by the hatching is an 
illumination area IA to be irradiated by the EUV light EL. 
In this case, exposure is performed by irradiating the 
arcuated illumination area so that the illumination is lim- 
ited to an area in which the aberrations of the projection 
optical system PO(to be described later) is a minimum. 
On the two end portions of the pattern area PA of the 
reticle R in the X direction, reticle alignment marks RM1 
to RM6 are provided as positioning marks at predeter- 
mined intervals along the Y direction. The reticle align- 
ment marks RM1 and RM4, RM2 and RM5, and RM3 
and RM6 are arranged substantially along the X direc- 
tion. 

[0079] As is obvious from Fig. 5, when the arcuated 
illumination area IA is to be used, full exposure (static 
exposure) is not feasible, therefore, scanning exposure 
is performed in this embodiment as will be described 
later. 

[0080] Since the reticle R has the reflecting layer 
formed on its surface as described above, the material 
for the reticle R itself is not specifically limited. The reti- 
cle R may be made of the following material: heat-resist- 
ance glass, silica glass (e.g., Zerodure (trade name) 
available from Shot or ULE (trade name) available from 
Corning), a ceramic material, a silicon wafer, or the like. 
For example, a criterion for selecting the material for the 
reticle R can be to use the same material as that of the 
reticle holder RH. In such a case, although the reticle R 
and reticle holder RH undergo thermal expansion due to 
a temperature rise caused by irradiation of the exposure 
illumination light EL or the like, since the two compo- 
nents are made of the same material, the expansion 
amount is the same. Therefore, the advantage is that 
the two components are not affected by divergence 
force (thermal stress). In the case different materials are 
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used for the reticle R and reticle holder RH, the same 
effect as described above can be obtained as long as 
the materials have the same linear expansivity. For 
example, a silicon wafer may be used for the reticle R, 
and SiC (silicon carbide) for the reticle holder RH When 5 
the silicon wafer is used as a material for the reticle R 
process apparatus such as a pattern drawing appara- 
tus, a resist coating apparatus, and an etching appara- 
tus can be used without any modifications. In this 
embodiment, for the reason above, the silicon wafer is 10 
used as a material for the reticle R, and the reticle 
holder is made of SiC. 

[0081] Referring back to Fig. 1 , a movable blind 42 
and a slit plate 44 serving as a field stop are arranged 
below the reticle R (on the EU V light incident side) adja- is 
cent to the reticle R. More specifically, in practice, the 
movable blind 42 and slit plate 44 are arranged in the 
reticle stage base 32, as shown in Fig. 4. 
[0082] The slit plate 44 determines the arcuated 
illumination area IA, and can be fixed to the projection 20 
optical system PO. In this embodiment, however, the slit 
plate 44 is driven by a driving mechanism 46 serving as 
a switching mechanism including a motor and the like. 
Fig. 7 is a plan view illustrating the slit plate 44 and the 
dnving mechanism 46. The slit plate 44 has a first slit 25 
44a for determining the arcuated illumination area (first 
illumination area) IA on the reticle R which is irradiated 
with the EUV light EL as exposure illumination light It 
also has a second slit 44b for determining a second illu- 
mination area where portions corresponding to the 30 
alignment marks RM1 and RM4 (RM2 and RM5 or RM5 
and RM3) provided on the two sides of the pattern area 
PA of the reticle R, are irradiated with the exposure illu- 
mination light EL. The driving mechanism 46 comprises 
a motor 46A, a feed screw 46C coupled to the output 35 
shaft of the motor via a coupling 46B, and a control unit 
46D for the motor 46A. The feed screw 46C is screwed 
together with a nut portion (not shown) projecting verti- 
cally from the slit plate 44 on the rear side of the drawing 
surface of Fig. 7. The feed screw 46C is rotatably driven 40 
by the rotation of the motor 46A, and as a consequence, 
the slit plate 44 is driven in the axial direction (Y direc- 
tion) of the feed screw 46C. The control unit 46D of the 
driving mechanism 46 switches the slit plate 44 in 
accordance with instructions from the main controller 80 as 
which is to be described later (see Fig. 1 0) Based on the 
instructions, the slit plate 44 is set to the first position so 
that the first slit 44a is irradiated with the exposure illu- 
mination light EL upon exposure. And when positioning 
(alignment) of the reticle R is performed, the slit plate 44 so 
is set to the second position where the second slit 44b 
is irradiated with the exposure illumination light EL 
Alternatively, the slit plate 44 maybe driven by, for exam- 
ple, a linear motor instead of the feed screw mecha- 
nism. 

55 

[0083] Referring back to Fig. 4, the movable blind 
42 is arranged to prevent a redundant circuit pattern 
drawn on the same reticle R from being included in the 



illumination area IA and transferred onto the wafer W. In 
this embodiment, in accordance with instructions from 
the main controller 80 (see Fig. 1 0), the control unit 46D 
of the driving mechanism 46 controls the movement of 
the movable blind 42 in the Y direction synchronously 
with the movement of the reticle stage RST in the Y 
direction. In this case, the movement of the movable 
blind 42 may be identical with that of the reticle R, start- 
ing after the scanning of the reticle R has started or 
before the scanning of the reticle. In the latter case, 
acceleration can be suppressed. Alternatively, the mov- 
able blind 42 may start moving as the target pattern to 
be hidden starts crossing the illumination area. 
[0084] Referring back to Fig. 1 , as described above, 
as the projection optical system PO, the reflection opti- 
cal system structured of only reflection optical elements 
(mirrors) is employed, and a system having a projection 
magnification of 1/4 is used. Accordingly, the EUV light 
EL that is reflected by the reticle R and contains the pat- 
tern information formed on the reticle R, is reduced to 
1/4 by the projection optical system PO and irradiated 
onto the wafer W. 

[0085] The projection optical system PO will be 
described in more detail with reference to Fig. 8. As 
shown in Fig. 8, the projection optical system PO is con- 
figured of a total of four mirrors (reflection optical ele- 
ments) for sequentially reflecting the EUV light EL 
reflected by the reticle R, i.e., a first mirror M1, second 
mirror M2, third mirror M3, and fourth mirror M4, and a 
lens barrel PP to hold these mirrors M1 to M4. The first 
and fourth mirror M1 and M4 have aspherical reflecting 
surfaces, the second mirror M2 has a plane reflecting 
surface and the third mirror M3 has a spherical reflect- 
ing surface. Each reflecting surface is formed with 
achieving a finishing accuracy of no more than 1/50 to 
1/60 of an exposure wavelength with respect to the 
designed value, with only a slight error being no more 
than 0.2 nm to 0.3 nm in terms of the RMS value {stand- 
ard deviation). Each mirror is made of heat-resistance 
glass or a metal, and like the reticle R, a reflecting layer 
for EUV light is formed on the surface of each mirror by 
using a multilayer film obtained by alternately depositing 
layers formed of two different materials. 
[0086] In this case, as shown in Fig. 8, a hole is 
formed in the fourth mirror M4 allowing the light 
reflected by the first mirror Ml to reach the second mir- 
ror M2. Likewise, a hole is formed in the first mirror M1 
to allow light reflected by the fourth mirror M4 to reach 
the wafer W. Obviously each mirror may be shaped to 
have a notched portion instead of a hole, through which 
a light beam can pass. 

[0087] Since the projection optical system PO is 
arranged in a vacuum environment, heat generated by 
irradiation of exposure illumination light cannot be 
released. In this embodiment, therefore, the mirrors Ml 
to M4 held by the lens barrel PP are connected in 
between via the heat pipe HP, and a cooling device is 
arranged to cool the lens barrel PP. More specifically 
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the lens barrel PP has a double-layer structure struc- 
tured by a mirror holding portion 50 formed on the inner 
side, and a cooling jacket 52 mounted on the outer cir- 
cumferential portion of the mirror holding portion 50 
Arranged in the cooling jacket 52, cooling liquid flows s 
from an inlet helical pipe 58 through a tube 54 to an out- 
let tube 56. In this case, cooling water is used as the 
cooling liquid. The cooling water circulates, flowing out 

- from the cooling jacket 52 via the outlet tube 56 

- exchanges heat with the refrigerant in a refrigerating , 0 
device (not shown in Figs.) and is cooled off to a prede- 

- termined temperature. The cooling water then flows into 

- the cooling jacket 52 via the inlet tube 54. 
[0088] With the projection optical system PO of this 
embodiment, therefore, even if thermal energy is ,5 
applied to the mirrors M1 , M2, M3, and M4 due to irradi- 
ation of the exposure illumination light (EUV light) EL 
the mirrors M1, M2, M3. and M4 are maintained at a 
predetermined temperature by the heat exchange with 
the lens barrel PP which is adjusted to the predeter- 20 
mined temperature by the heat pipe HP. In such a case 
according to this embodiment, as shown in Fig 8 the 
heat pipe HP is bonded to the surface sides (reflectina 
surface sides) of the mirrors M1, M2. M4, and the like 
where the exposure illumination light does not irradiate' 25 
as well as their rear surface sides, so that the respective 
mirrors can be cooled effectively compared with when 
only the rear surface sides are cooled. The heat pipe 
HP on the rear surface side of the third mirror M3 and 
the surface side of the first mirror Ml obviously reach 30 
the inner surface of the lens barrel PP in the direction of 
depth of the drawing surface. The exterior of the lens 
barrel PP is in the shape of a quadrilateral prism as 
shown in Fig. 6. 

[0089] Referring back to Fig. 1, the wafer stage 05 
WST is placed on a wafer stage base 60 arranged along 
the X-Y plane, and is supported by levitation above the 
wafer stage base 60 by a magnetic levitation type two- 
dimensional linear actuator 62. This wafer stage WST is 
driven by the magnetic levitation type two-dimensional ao 
linear actuator 62 with predetermined strokes in the X 
and Y directions, and is also finely driven in the 6 direc- 
tion (rotational direction around the Z axis). In addition 
the wafer stage WST is structured so that it may be 
finely driven in the Z direction and a direction inclined to as 
the X-Y plane by the magnetic levitation type two- 
dimensional linear actuator 62. 

[0090] On the bottom surface of the wafer stage 
WST, a permanent magnet (not shown in Figs ) is 
arranged. The magnetic levitation type two-dimensional so 
linear actuator 62 is configured by this permanent mag- 
net and a coil (not shown in Figs.) wounded on the wafer 
stage base 60 in the X and Y, two-dimensional direc- 
tions. The position and posture of the wafer stage WST 
in the six-dimensional directions is controlled by control- ss 
mg the current flowing in the coil with the main control- 
ler 80 (to be described later). 

[0091] a wafer holder (not shown in Figs.) is 



mounted on the upper surface of the wafer stage WST 
by electrostatic chucking, holding the wafer W chucking 
Furthermore, on the other side in the Y direction in Fig 
1A, the side surface of the wafer stage WST is mirror- 
polished to form a reflecting surface 74a for light in the 
visible range. Omitted in Fig. 1, 0 n one side in the X 
direction, a side surface of the wafer stage WST is also 
mirror-polished to form a reflecting surface 74b for lioht 
m the visible range as in Fig. 6. With the exposure appa- 
ratus 10, the positions of the reflecting surfaces 74a and 
74b relative to the projection optical system PO are 
accurately measured by an interferometer system which 
irradiates the reflecting surfaces 74a and 74b with 
measurement beams. This interferometer system will 
be described later. 

[0092] On one end portion of the upper surface of 
the wafer stage WST, a aerial image sensor FM (see 
Fig. 1) is arranged. This aerial image sensor FM serves 
as a position detection system when performing for 
example, measurement (a so-called baseline measure- 
ment) of the positional relationship between the project- 
ing position of the pattern drawn on the reticle R on the 
wafer W. and the position of the alignment optical sys- 
tem ALG. The aerial image sensor FM corresponds to a 
reference mark plate in a conventional DUV exposure 
apparatus. 

[0093] Figs. 9(A) and 9(B) are respectively a plan 
view and longitudinal sectional view of the aerial image 
sensor FM. As shown in these drawings, on the upper 
surface of the aerial image sensor FM, slits SLT1 and 
SLT2 are formed as openings. These slits SLT1 and 
SLT2 are formed by patterning an EUV light reflecting 
layer 64 formed on the surface of a fluorescent material 
63 fixed on the upper surface of the wafer stage WST 
and having a predetermined thickness. Alternatively, an 
EUV Ught absorbing layer may be formed instead of the 
reflecting layer 64, and openings may be formed on the 
absorbing layer. 

[0094] Below the slits SLT1 and SLT2, openings 
66a and 66b are formed on the top surface plate of the 
wafer stage WST. In the interior of the wafer stage WST, 
arranged opposing the openings 66a and 66b photoe- 
lectric conversion devices PM such as photomultipliers 
are respectively arranged. Accordingly, the EUV light EL 
irradiated on the aerial image sensor FM from above via 
the projection optical system PO, transmits through the 
slrts SLT1 and SLT2 and reaches the fluorescent mate- 
rial 63, thus causing the fluorescent material 63 to emit 
light hav.ng a wavelength longer than the EUV light 
This light is received by the photoelectric conversion 
devices PM, and is converted into electrical signals cor- 
responding to the intensity of the light. The output sig- 
nals from the photoelectric conversion devices PM are 
also supplied to the main controller 80. The positional 
relationship of the slits SLT1 and SLT2 almost corre- 
sponds to the positional relationship of the reticle align- 
ment marks RM1 and RM4 (RM2 and RMS or RM3 and 
F5M6) arranged on the reticle R along the X direction In 
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reticle alignment (to be described later), the reticle 
alignment marks RM1 and RM4 can be simultaneously 
measured through the slits SLTl and SLT2. 
[0095] Next, the configuration of an interferometer 
system 70 (see Fig. 10) for measuring the positions of s 
the reticle stage RST and wafer stage WST will be 
described in detail, with reference to Fig. 6 Fig 6 repre- 
sentatively shows the corresponding laser interferom- 
eter by using the measurement axis of each laser 
interferometer. 

[0096] The interferometer system 70 comprises 
four laser interferometers RIFXl, RIFX2, RIFY1, and 
RIFY2 for measuring the position of the reticle stage 
RST within the X-Y plane, and four laser interferometers 
WIFX1, WIFX2, WIFY1, and WIFY2 for measuring the is 
position of the wafer stage WST within the X-Y plane. 
[0097] The interferometer RIFY1 projects a meas- 
urement beam RIFY1 M on the reflecting surface 40a of 
the reticle stage RST, and also projects a reference 
beam RIFY1 R on a fixed mirror (reference mirror) 72a 20 
(see Fig. 1 ) attached to the lens barrel PP of the projec- 
tion optical system PO. The interferometer RIFY1 then 
receives the respective reflected light beams to meas- 
ure the relative position of the reticle stage RST in the Y 
direction with respect to the fixed mirror 72a at the pro- 25 
jection position of the measurement beam RIFY1 M 
[0098] Similarly, the interferometer RIFY2 projects 
a measurement beam RIFY2M on the reflecting surface 
40a of the reticle stage RST, and also projects a refer- 
ence beam RIFY2R on the fixed mirror (reference mir- 30 
ror) 72a (see Fig. 1 ) attached to the lens barrel PP of the 
projection optical system PO. The interferometer RIFY2 
then receives the respective reflected beams to meas- 
ure the relative positron of the reticle stage RST in the Y 
direction with respect to the fixed mirror 72a at the pro- 35 
jection position of the measurement beam RIFY2M. 
[0099] The center of the irradiation positions of the 
two measurement beams RIFY1M and RIFY2M of the 
two interferometers RIFY1 and RIFY2 coincides with 
the center of the illumination area IA (the center of the 40 
reticle R in the X direction) Therefore, the average of the 
measurement values obtained by these two interferom- 
eters provides the Y-direction position of the reticle 
stage RST, and the value obtained by dividing the differ- 
ence of the two measurement values by the distance « 
between the interferometer axes provides the rotational 
angle (denoted by a1 in this case) of the reticle stage 
RST. The measurement values obtained by these inter- 
ferometers RIFY1 and RIFY2 are sent to the main con- 
troller 80, and the main controller 80 calculates the so 
average and rotational angle a 1 as described above. 
[0100] Also, the interferometer RIFX1 projects a 
measurement beam RIFX1 M on the reflecting surface 
40b of the reticle stage RST, and also projects a refer- 
ence beam RIFX1 R on a fixed mirror (reference mirror) 55 
72b attached to the lens barrel PP of the projection opti- 
cal system PO. The interferometer RIFX1 then receives 
the respective reflected light beams to measure the rel- 



ative position of the reticle stage RST in the X direction 
with respect to the fixed mirror 72b at the projection 
position of the measurement beam RIFXl M. 
[0101] Similarly, the interferometer RIFX2 projects 
a measurement beam RIFX2M on the reflecting surface 
40b of the reticle stage RST, and also projects a refer- 
ence beam RIFX2R on the fixed mirror (reference mir- 
ror) 72b attached to the lens barrel PP of the projection 
optical system PO. The interferometer RIFX2 then 
receives the respective reflected beams to measure the 
relative position of the reticle stage RST in the X direc- 
tion with respect to the fixed mirror 72b at the projection 
position of the measurement beam RIFX2M. 
[01 02] The center of the irradiation positions of the 
two measurement beams RIFX1M and RIFX2M from 
the two interferometers RIFXl and RIFX2 coincides 
with the center of the illumination area IA (see a point 
P2 in Fig. 5). Therefore, the average of the measure- 
ment values obtained by these two interferometers pro- 
vides the X-direction position of the reticle stage RST, 
and the value obtained by dividing the difference of the 
two measurement values by the distance between the 
interferometer axes provides the rotational angle 
(denoted by o2 in this case) of the reticle stage RST. 
The measurement values obtained by these interferom- 
eters RIFX1 and RIFX2 are sent to the main controller 
80, and the main controller 80 calculates the average 
and rotational angle a 2 as described above. In this 
case, the main controller 80 calculates one of the rota- 
tional angles a1 and a2 or an average value 
(a1 + a2)/2 , as the rotational angle of the reticle staqe 
RST in the 6 direction. 

[0103] The interferometer WIFY1 projects a meas- 
urement beam WIFY1 M on the reflecting surface 74a of 
the wafer stage WST, and also projects a reference 
beam WIFY1R on a fixed mirror (reference mirror) 76a 
attached to the lens barrel PP of the projection optical 
system PO. The interferometer WIFY1 receives the 
respective reflected beams to measure the relative posi- 
tion of the wafer stage WST in the Y direction with 
respect to the fixed mirror 76a at the projection position 
of the measurement beam WIFY1M. 
[0104] Similarly, the interferometer WIFY2 projects 
a measurement beam WIFY2M on the reflecting sur- 
face 74a of the wafer stage WST, and also projects a 
reference beam WIFY2R on the fixed mirror (reference 
mirror) 76a attached to the lens barrel PP of the projec- 
tion optical system PO. The interferometer WIFY2 
receives the respective reflected beams to measure the 
relative position of the wafer stage WST in the Y direc- 
ts with respect to the fixed mirror 76a at the projection 
position of the measurement beam WIFY2M. 
[01 05] The center of the irradiation positions of the 
two measurement beams WIFY1M and WIFY2M of the 
two interferometers WIFY1 and WIFY2 coincides with 
the center of an arcuated exposure area SA (see Fig 
11) on the wafer which corresponds to the illumination 
area IA. Therefore, the average of the measurement 
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values obtained by these two interferometers provides 
the Y-direction position of the wafer stage WST, and the 
value obtained by dividing the difference of' the two 
measurement values by the distance between the inter- 
ferometer axes provides the rotational angle (denoted s 
by pi in this case) of the wafer stage WST. The meas- 
urement values obtained by these interferometers 
WIFY1 and WIFY2 are sent to the main controller 80 

- and the main controller 80 calculates the above averaqe 

- and rotational angle pi. 

[0106] The interferometer WIFX1 projects a meas- 

- urement beam WIFX1 M on the reflecting surface 74b of 
' the wafer stage WST, and also projects a reference 

beam WIFX1 R on a fixed mirror (reference mirror) 76b 
attached to the lens barrel PP of the projection optical » 
system PO. The interferometer WIFX1 then receives 
the respective reflected light beams to measure the rel- 
ate position of the wafer stage WST in the X direction 
with respect to the fixed mirror 76b at the projection 
position of the measurement beam WIFX1 M. & 
[0107] Similarly, the interferometer WIFX2 projects 
a measurement beam WIFX2M on the reflecting sur- 
face 74b of the wafer stage WST, and aiso projects a 
reference beam WIFX2R on the fixed mirror (reference 
mirror) 76b attached to the lens barrel PP of the proiec- 25 
tion optical system PO. The interferometer WIFX2 then 
receives the respective reflected beams to measure the 
relative position of the wafer stage WST in the X direc- 
tion with respect to the fixed mirror 76b at the projection 
position of the measurement beam WIFX2M 30 
[0108] The center of the irradiation positions of the 
two measurement beams WIFX1M and WIFX2M of the 
two interferometers WIFX1 and WIFX2 coincides with 
the center of the exposure area SA which corresponds 
to the illumination area IA. Therefore, the average of the 35 
measurement values obtained by these two interferom- 
eters provides the X-direction position of the wafer 
stage WST, and the value obtained by dividing the dif- 
ference of the two measurement values by the distance 
between the interferometer axes provides the rotational 40 
angle (denoted by 02 in this case) of the wafer stage 
WST. The measurement values obtained by these inter- 
ferometers WIFX1 and WIFX2 are sent to the main con- 
troller 80, and the main controller 80 calculates the 
average and rotational angle p 2. The main controller 80 <s 
calculates one of the rotational angles pi and 82 or an 
average value (pi. + p 2 y2 , as the rotational angle of 
the wafer stage WST in the 9 direction. 
[0109] This embodiment, although not shown in 
Figs., further includes pitching interferometers and roll- so 
mg interferometers for measuring pitching and rolling of 
the reticle stage RST and wafer stage WST The main 
controller 80 calculates the pitching and rolling of the 
wafer stage WST and reticle stage RST based on the 
measurement values obtained by these interferometers 55 
[0110] Referring back to Fig. 1 , on the lens barrel 
of tne Projection optical system PO, which measure- 
ment of all the eight interferometers described above is 



based on, a reticle surface measurement laser interfer- 
ometer RIF2 is arranged to measure the Z-direction 
position of the reticle R. In practice, as is shown in Fig 6 
three laser interferometers RIFZ1, RIFZ2, and RIFZ3 
are arranged at predetermined intervals and fixed to the 
lens barrel PP, however, as in Fig. 1 (and Fig. 4), these 
interferometers are represented as the laser interferom- 
eter RIFZ. 

[011 1 ] Measurement beams from these laser inter- 
ferometers RIFZ1 to RIFZ3 are projected via an optical 
path in the Z direction onto the pattern surface of the ret- 
icle R (see Figs. 1 and 4 for reference). The beams pass 
through three different points of the irradiation area of 
the exposure illumination light EL, i.e., the arcuated illu- 
mination area IA, respectively the center of the incident 
optical path and exit optical path (reflection optical path) 
of the exposure illumination light EL. The illumination 
light EL is irradiated via the deflection mirror M at a pre- 
determined incident angle e. Thus, the beams of the 
laser interferometers RIFZ1, RIFZ2 and RIFZ3 do not 
affect the illumination light EL entering the pattern sur- 
face of the reticle at a predetermined incident angle fl 
and having the same outgoing angle as of the incident 
angle, nor are interfered by the illumination light EL 
And, a highV precise measurement of the Z-direction 
position of the reticle R, e.g., a precision of no more 
than several nm to 1 nm) becomes possible. 
[0112] As for the laser interferometers RIFZ1 
RIFZ2 and RIFZ3, a type of interferometer with a built-in 
reference mirror (not shown in Figs.) is used. The posi- 
tion of the reference mirror is used as a reference to 
respectively measure the Z-direction position of the irra- 
diation position of a measurement beam on the reticle 
R. In this case, the laser interferometer RIFZ1 projects 
a measurement beam in the illumination area IA in Fig 
5 at the position of a point P1. The laser interferometer 
Projects a measurement beam at the position of 
a point P2, and the laser interferometer RIFZ3 projects 
a measurement beam at the position of a point P3 The 
point P2 is located at the center of the illumination area 
, e - a P° ,nt tnat is located on the central axis of the 
pattern area PA in the X direction and on the central 
point of the illumination area IA in the Y direction The 
points P1 and P3 are located at positions symmetrical 
to the central axis. 

[0113] The measurement values obtained by these 
three laser interferometers RIFZ1 to RIFZ3 are input to 
the main controller 80 (see Fig. 1 0) . The main controller 
80 corrects the Z position and tilt (pitching and rolling) of 
the reticle stage RST. i.e.. the reticle R. through the 
magnetic levitation type two-dimensional linear actuator 
34 based on these measurement values, as will be 
described later. 

[0114] As described above, this embodiment 
includes the pitching and rolling interferometers for 
measuring, the pitching and rolling of the reticle stage 
RST in ado - on to the laser interferometers RIFZ for ret- 
icle surface r measurement. In order to control the pitch- 



NSDOCID:<EP 1061561A1 I » 



16 



31 



EP 1 061 561 A1 



32 



ing and rolling of the reticle R (reticle stage RST) more 
accurately, the main controller 80 may correct errors 
(which are negligible) due to the unevenness of the ret- 
icle pattern surface based on the measurement values 
obtained by both of the laser interferometers RIFZ1 to 
RIFZ3 and the pitching and rolling interferometers. 
[011 5] The Z-direction position of the wafer W with 
reference to the lens barrel PP is measured by a focus 
sensor 14 based on an oblique incident light method, 
fixed to the projection optical system PO. As shown in 
Fig. 1, this focus sensor 14 is made up of a light-trans- 
mittance element 14a fixed to a column (not shown in 
Figs.) which supports the lens barrel PP and obliquely 
irradiates a detection beam FB onto the surface of the 
wafer W, and a light-receiving element 14b also fixed to 
the column (not shown in Figs.) and receiving the detec- 
tion beam FB reflected by the surface of the wafer W. As 
this focus sensor, for example, the multi-point focal posi- 
tion detection system disclosed in Japan Patent Laid 
Open No. 06-283403 and U.S. Patent No. 5,448 332 
corresponding thereto are used, and as long as national 
laws in designated states or elected states, to which this 
international application is applied, permit, the above 
crted disclosures are fully incorporated by reference 
herein. It is essential to integrally fix this focus sensor 1 4 
(14a, 14b) to the lens barrel PR 
[0116] As is obvious from the description above, in 
this embodiment, the positions of the reticle R in the 
three-dimensional directions, i.e., the X, Y, and Z direc- 
tions, are measured with reference to the lens barrel PP 
of the projection optical system PO. In addition the 
positions of the wafer W in the three-dimensional direc- 
tions, i.e., the X, Y, and Z directions, are measured with 
reference to the lens barrel PP of the projection optical 
system PO. For this reason, the same support member 
does not have to support the projection optical system 
PO, the reticle stage RST, and the wafer stage WST, 
and they may be respectively supported by different 
members. That is, the projection optical system PO, ret- 
icle stage RST, and wafer stage WST do not require 
mechanical contact with each other at all. The main 
bodies of the respective interferometers structuring the 
interferometer system 70, as described above, also per- 
form measurement with reference to the fixed mirrors 
respectively attached to the lens barrel PP. The interfer- 
ometers, therefore, do not require mechanical contact 
with the projection optical system PO, the reticle stage 
RST, and the wafer stage WST. 

[0117] Furthermore, in this embodiment, the align- 
ment optical system ALG is fixed to a side surface of the 
projection optical system PO, as shown in Fig. 1. As this 
alignment optical system ALG, one of various types of 
dev IC es can be used which include; an image forming 
alignment sensor for irradiating an alignment mark (or 
aerial image sensor FM) on the wafer W with broadband 
light and receiving the reflected light so as to perform 
mark detecting by an image processing method, an LIA 
(Laser Interferometer Alignment) sensor for irradiating a 



lattice mark with a laser beam and detecting diffracted 
light, and a scanning probe microscope such as an AFM 
(Atomic Force Microscope). In this case, an image form- 
ing alignment sensor incorporating a focus detection 
5 system based on an image processing method is used 
as the alignment optical system ALG. Such an image 
forming alignment sensor incorporating a focus detec- 
tion system is disclosed in, for example, Japan Patent 
Laid Open No. 07-321030 and U.S. Patent No. 
w 5,721,605 corresponding thereto. As long as national 
laws in designated states or elected states to which this 
international application is applied, permit, the above 
disclosures are fully incorporated by reference herein. 
[0118] Fig. 10 is a block diagram schematically 
is showing the configuration of a control system related to 
position and posture control on the wafer W (wafer 
stage WST) and the reticle R (reticle stage WST) as 
described earlier. In the control system shown in Fig. 
10, the main controller 80 structured of a microcom- 
20 puter (or workstation) incorporates a memory (RAM) 
81, which serves as a storage unit. In this embodiment 
the main controller 80 and magnetic levitation type two- 
dimensional linear actuators 34 and 62 form a drivina 
unit. y 

25 [0119] Next, the exposure operation of the expo- 
sure apparatus 10 according to the first embodiment 
having the structure above will be described. The layers 
to be exposed, in this case, are the second layer and 
after. 

30 [01 20] First, the reticle transfer system(not shown in 
Figs.) transfers the reticle R, and the reticle holder RH 
holds the reticle by suction on the reticle stage RST 
which is at the loading position. And a wafer transfer 
system (not shown in Figs.) mounts the wafer W on the 
35 wafer stage WST by a wafer loading/unloading mecha- 
nism (not shown in Figs.). When these preparations are 
completed, the sequence shown in the flowchart of Fia 
12 starts. y * 



40 (Step 1 00) 



[0121] First, the main controller 80 detects the posi- 
tion of a wafer alignment mark(one or a plurality of 
marks for one shot) as a predetermined sample target 
of the wafer alignment marks arranged in each shot 
region of the wafer W on the wafer stage WST by using 
the alignment optical system ALG while sequentially 
moving the wafer stage WST During this mark position 
detection, the main controller 80 controls the Z position 
of the surface of the wafer W to the focal position of the 
alignment optical system ALG. Upon completing the 
detection of the positions of the wafer alignment marks 
of the sample shots, the main controller 80 calculates 
the array coordinates of all the shot regions on the wafer 
W. This is performed by a statistical technique using the 
least square method, which is disclosed in, e.g. Japan 
Patent Laid Open No. 61-44429 and U.S. Patent No. 
4,780,61 7 corresponding thereto, using these data (this 
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alignment method will be referred to as "EGA 
(Enhanced Global Alignment)" hereinafter). Alterna- 
tively, by using the position detection data as described 
above of a plurality of wafer alignment marks in a shot 
area, the main controller 80 can calculate the array 
coordinates in all shot areas, and the deformation 
amounts including the magnification of each shot area 
on the wafer W, by a statistical technique using the least 
square method, which is disclosed in, e.g., Japan Pat- 
ent Laid Open No. 06-275496 and U.S. Patent Applica- 
tion No. 569,400 (application date: December 8 1995) 
corresponding thereto, (this alignment method 'will be 
referred to as 'in-shot muttiple point EGA" hereinafter) 
As long as national laws in designated states or elected 
states to which this international application is applied 
permit, the above disclosures are fully incorporated bv 
reference herein. 



(Step 102) 

[01??] When alignment measurement is completed 
as o>scr,b«d above, a shot magnification change (X 
ana Y scahngi , s calculated on based on the shot pitch 
obta.ned by tfe above EGA or the shot size by the 
above m-shat EGA n accordance with the shot magni- 
ficat.cn change, ne main controller 80 calculates the 
control a-nount of proiection magnification so as to pre- 
cisely match the &ze of a reticle pattern image in the X 
direct on (seccnd direction) onto a shot area on the 
wafer w That is. the main controller 80 calculates the 
driving amount of the reticle R in the 2 direction and 
drives the retc e R through the magnetic levitation' type 
two-d mens onal linear actuator 34 in the Z direction 
(vertical d.rection) based on the calculation. For exam- 
ple, if a reticle pattern image is to be enlarged by 10 
ppm from the predetermined magnification, the reticle R 
is driven in a ejection away from the projection optical 
system PO Oy 40 urn. 

(Step 1 04) 



[0123] As the reticle R is driven in the Z direction as 
described above, the projection magnification changes 
as well as positional shift of the projection area of the 
reticle pattern image occurring. For this reason, in step 
104, the main controller 80 performs baseline measure- 
ment and projection magnification measurement as fol- 
lows. 

[0124] The main controller 80 switches the slit plate 
44, through the driving mechanism 46, to a position 
(second position) so the exposure illumination light EL 
can irradiate the second slit 44b. The main controller 80 
then controls the position of the wafer stage WST and 
the reticle stage RST through the magnetic levitation 
type two-dimensional linear actuators 62 and 34 The 
reticle alignment marks RM1, RM4, RM2, RM5 RM3 
and RM6 on the reticle are sequentially irradiated two at 
a time with the exposure illumination light EL. In addi- 



tion, the main controller 80 detects the projection 
images of the reticle alignment marks RM1 , RM4 RM2 
RM5, RM3, and RM6 on the wafer W through the slits 
SLTl and SLT2 of the aerial image sensor FM. The pro- 
s jection position of the reticle pattern image on the wafer 
W is thereby calculated, that is, the main controller 80 
performs the reticle alignment. In detecting the projec- 
tion images for this reticle alignment by using the aerial 
image sensor FM, the main controller 80 instructs the 
io focus sensor 1 4 an offset corresponding to the Z-direc- 
tion driving amount of the reticle R. This controls the 
surface of the aerial image sensor FM to the focal posi- 
tion of the projection optical system PO so as to prevent 
the images obtained by the aerial image sensor FM 
is from being blurred by the reticle R being driven in the Z- 
direction. More specifically, when the main controller 80 
drives the reticle R in a direction away from the projec- 
tion optical system PO by 40 urn, the projection magni- 
ficat.on is 1/4, therefore, the main controller 80 instructs 
20 the focus sensor 1 4 an offset of 40 x 1/1 6 = 2 5 urn and 
based on the output from the focus sensor 1 4, performs 
feedback control via the magnetic levitation type two- 
dimensional linear actuator 62 and drives the wafer W 
closer to the projection optical system PO by 2.5 ujn. 
as [0125] The main controller 80, then moves the 
wafer stage WST through the magnetic levitation type 
two-dimensional linear actuator 62 to position the sit 
SLTl or SLT2 of the aerial image sensor FM directly 
below the alignment optical system ALG. The Z position 
30 of the surface of the aerial image sensor FM is also 
adjusted to the focal position of the alignment optical 
system ALG. Then, based on the detection signals of 
the alignment optical system ALG and the measure- 
ment results of the interferometer 70, the main control- 
as ler 80 indirectly calculates the positional relationship 
between the alignment optical system ALG and the pat- 
tern image of the reticle R to be projected on the wafer 
W. That is, the baseline amount Is calculated and the 
calculation results stored in the memory 81 Further- 
40 more, another reference mark may be formed at the 
midpoint in between the slits SLT1 and SLT2 of the aer- 
ial image sensor FM and the baseline amount can be 
calculated by detecting this reference mark with the 
alignment optical system ALG. In such a case the 
« baseline amount almost accurate can be calculated 
based on the detection results obtained by the align- 
ment optical system ALG and the designed value of the 
baseline amount. 

[0126] In the reticle alignment described above in 
so step 104. the main controller 80 calculates the projec- 
tion magnification based on the distance between the 
projection images of the reticle alignment marks RM1 
and RM4 (RM2 and RMS or RM3 and RM6) on the 
wafer W. The reticle alignment marks are respectively 
55 detected through the slits SLT1 and SLT2 of the aerial 
image sensor FM, and arranged side by side on the ret- 
icle R in ins; non-scanning direction. 
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(Step 106) 



36 



[0127] in step 106, based on the magnification 
measurement results in step 1 04 the main controller 80 
checks with respect to the target magnification adjust- s 
ment amount, 10 Ppm in the case described above 
whether the adjustment residual error of tte projection 
magnrhcation is equal to or .ess than the permissible 

' ^ c Ue K e - 9 " °' 2 PPm) " " the decision is "dative in step 

1 06. that is, the adjustment residual error of the projec- w 
tion magnification exceeds the permissible value the 
main controller 80 returns to step 1 02 to reset the'pro- 
ject.on magnification. Upon re-driving the reticle R in the 
Z direction, the main controller 80 repeats the process 
and judgement described above. If the decision is , 5 
affirmative, i.e., the adjustment residual error of the pro- 
jection magnification is equal to or less than the permis- 
sible value, the main controller 80 switches the slit plate 
44 v,a the driving mechanism 46 to the position (first 

posit.on) where the first slit 44a is irradiated with the 20 
ex P osu re illumjnatjon ( . ght £L he x 

swrtchmg. the process goes on to step 1 08. 
(Step 1 08> 

[0128] m step 108, the main controller 80 performs * 
exposure based on the step-and-scan method by using 
EUV light as the exposure illumination light EL as fol 
lows. In accordance with the positional information of 

22 k h ' K e9i ° n ° n the Wafer W calculated as 30 
described above, the main controller 80 positions the 
wafer stage WST via the magnetic levitation type two 
dimens.onal linear actuator 62 to the scanning startinq 
position of the first shot. During the positioning, the 
posfonal information from the interferometer system 70 35 
s monitored, and the retic.e stage RST is also posi- 
tioned to the scanning starting position via the magnetic 
levitation type two-dimensional linear actuator 34 thus 
scanning exposure of the first shot is performed, in the 

loZ'or * P ° SUre - main C ° ntr0l,er 80 c °" tro 's the 40 
speed of the reticle stage RST and wafer stage WST 

hrough the magnetic levitation type two-dimensional 

linear actuators 34 and 62. The speed of both stages 

are controlled by the main controller 80, so that the 

velocity ratio between the reticle stage RST and the ,5 

cation of the projection optical system PO, and expo- 
sure (transfer of the reticle pattern) is performed f P a 
state where the velocity ratio of both stages are syn- 
chronously isochronal. Although the reticle R vertically so 
moves upon scanning, this movement is monitored by 
the interferometer RIFZ and the movement of the reticle 

and 9 L ,S f C r tr0l,ed " ° rder t0 maintain «» * PoSion 
and tift of the reticle R at the initial position. That is the 

movement of the reticle stage RST is control.ed to keep 55 

the rnagn, .cation residua, error equa. to or less than the 

perm,ss,ble value. Thus, the projection magnification of 

the ret,cle pattern image in the scanning direction (first 



direction) during scanning exposure can be controlled 
When scanning exposure of the first shot is completed' 
stepping operation between shots te then performed to 
move the wafer stage WST to the scanning starting 
posmon of the second shot. Scanning exposure of the 
second shot is performed in the same manner as 
described above. In this case, in order to increase the 
throughput by omitting the operation of returning the ret- 
cle stage RST to the starting position, scanning direc- 
tion of exposure of the first and second shots is 
reversed. More specificalhy, when exposure of the first 
shot is performed from one side to the other side on the 
Y-axis exposure of the second shot is performed from 
the other side to back to the one side. That is, alternate 
scannmg is performed. Stepping operation be^n 
shots and scanning exposure of shots are thus 

orTan I"' ? 6 Pattem ° f thS retide R is 
onto all the shot areas on the wafer W by the steo-and 

scan method. Rg. 11 shows a state where^ tS reS 
pattern .s transferred onto a plurality of shot areas S on 
he wafer W ,„ this manner. In the case shown in Fig T 
the number of shots set wrthin one row is set to an even 
or odd number, appropriately so as to effectively secure 
shots in a perfect shape on one wafer. 

[0129] As described above, the exposure apparatus 
10 completes the series of steps in processing wjfer 

[0130] During the scanning exposure or alignment 
described earlier, the focus sensor (14a, 14b) integrally 
mounted on the projection optica, system PO measures 
the distance between the surface of the wafer W and the 
projection optical system PO and the tift in the X^? 
Plane and the main controller 80 controls the wafer 
stage WST via the magnet* levitation type two dimen 

and hit between the surface of the wafer W and the pro- 
jection optfcal system PO constant The Z position 2- 
ge tva ue of the surface of the wafer W, howeverjslt 
to he focal position of the projection optica, system PO 
dunng scannmg exposure and {o ^ ^ 

ml mai " contro,ler 8° synchronous^ 

mov es t h stage RSJ an{j waf J ^ 

along the Y^axis direction while adjusting the position of 
he reticle R ,n the optca, axis direction (z direction) o 
the P ejection optical system PO by controlling the mag- 
netic levitation type two-dimensional linear actuator £ 

^ Perf0rmed b3Sed ° n P^termined 
posmona information for adjustment, which is meas- 

R F^n?^ 6 ° f laserinte ^^ters RIFZ1, 
RIFZ2 and R.FZ3 for reticle surface measurement, so 
as to keep constant distance between the projection 
optical system PO and the pattern surface of the reS 
R during exposure (transfer of the reticle pattern) m 
h s case, the main controller 80 may use the positional 
nformation of the reticle stage RST in the moving dic- 
tion when the reticle stage RST and wafer stage WST 
are synchronously moving. in order to adjust the Z- 
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direction position of the reticle stage RST. For example, 
in the first shot area and second shot area, at least one 
of the laser interferometers RIFZ1, RIFZ2, and RIF23 
measures the first and second positional information for 
adjustment, thus providing the information correspond- 5 
ing to the moving direction of the reticle stage RST to 
the main controller 80. During scanning, the main con- 
troller 80 may also adjust the tilt of the reticle R by using 
at least two of the laser interferometers RIFZ1 , RIFZ2, 
and RIFZ3 for reticle surface measurement. In addition, 10 
the main controller 80 may measure the vertical move- 
ment of the reticle R in advance, and control the Z posi- 
" tion and tilt of the reticle R by using the measurement 
value and interferometers. 

[0132] According to this embodiment, therefore, the is 
entire pattern of the reticle R is sequentially transferred 
onto the wafer W by scanning exposure, and upon 
exposure the position of the reticle R in the optical axis 
direction of the projection optical system is adjusted 
based on the positional information for adjustment. So 20 
in spite of the fact that the reticle side of the projection 
optical system PO is non-telecentric, the magnification 
errors and positional shifts in the transferred pattern 
image on the wafer W caused by the displacement of 
the reticle R in the optical axis direction, can be effec- 25 
tively suppressed. As a result, overlay accuracy can be 
improved. Also, in the case the reticle stage RST syn- 
chronously moves from one side to the other side along 
the Y-axis and the positional displacement of the reticle 
R in the Z direction varies when it moves back due to 30 
mechanical factors (movement characteristics of the 
stage), control characteristics, and the like, even in this 
case, the Z position of the reticle R can be accurately 
adjusted without being influenced by the variation 
described above. This makes it possible to effectively 35 
suppress magnification errors and positional shifts 
occurring in the transferred image of the pattern on the 
wafer W due to the Z-direction displacement of the reti- 
cle R. 

[0133] As described in detail above, according to 40 
the first embodiment, the reticle R is obliquely irradiated 
with the exposure illumination light EL from the illumina- 
tion system configured by the light source unit 12 and 
illumination optical system (M, 44), and the outgoing 
exposure illumination light of the reticle R is projected 45 
onto the wafer W by the projection optical system PO. 
As a result, the pattern on an area of the reticle R which 
is irradiated with the exposure illumination light EL is 
transferred onto the wafer W. During transfer of this ret- 
icle pattern, the driving unit (80, 34, 62) synchronously 50 
moves the reticle R and wafer W at a velocity ratio cor- 
responding to the projection magnification of the projec- 
tion optical system PO. With this operation, the entire 
pattern of the reticle R is transferred to the shot areas 
on the wafer W. 55 

[0134] Prior to the transfer of this reticle pattern, the 
main controller 80 detects alignment marks on the wafer 
W by using the alignment optical system ALG and 



based on the measurement results calculates the 
expansion/contraction amount of the wafer. Based on 
the mark detection result, the reticle R is driven in the Z 
direction to adjust (change) the projection magnification 
of the projection optical system PO in the non-scanning 
direction. The projection magnification in the scanning 
direction is determined by adjusting the synchronous 
velocity ratio between the reticle stage and the wafer 
stage during scanning exposure. 

[01 35] After completing the projection magnification 
change described above, the main controller 80 detects 
the spatial images of the reticle alignment marks RMl 
to RM6 through the slits SLT1 and SLT2 (a kind of refer- 
ence mark) by using the aerial image sensor FM on the 
wafer stage WST It also detects the positional relation- 
ship between the two slits SLT1 , SLT2, and the projec- 
tion position of the reticle pattern image on the wafer 
stage WST. In addition, the main controller 80 detects 
the slit SLT1 (or SLT2) by using the alignment optical 
system ALG. More specifically, when the projection 
magnification of the projection optical system PO is 
changed, the main controller 80 detects © the posi- 
tional relationship between the reference marks SLT1 
and SLT2 on the wafer stage, and the projection position 
of the pattern image of the reticle R on the wafer stage 
WST, and © the positional relationship between the 
reference mark SLT1 (or SLT2) on the wafer stage WST, 
and the detection center of the alignment optical system 
ALG. The positional relationship between the projection 
position of the pattern image of the reticle R on the 
wafer stage WST and the detection center of the align- 
ment optical system ALG, i.e., a so-called baseline 
amount, can be calculated based on the detection 
results © and ©. Therefore, the positional shift of the 
projection position of the reticle pattern image on the 
wafer W due to the change in projection magnification 
can be corrected, making it possible to prevent a deteri- 
oration in overlay accuracy with a change in projection 
magnification or suppress it to a sufficient level. 
[0136] In addition, according to this embodiment, 
the illumination system (12, M, 44) irradiates the reticle 
R with EUV light having a wavelength of 5 to 15 nm as 
the illumination light EL. Since the reflection optical sys- 
tem is structured by only a plurality of reflection optical 
elements (M1-M4) as the projection optical system PO, 
the reticle pattern is transferred onto the wafer W 
through the projection optical system PO by using EUV 
light. This makes it possible to perform accurate transfer 
of a very fine pattern, e.g., a 100-nm US pattern. 
[0137] Furthermore, according to this embodiment, 
the interferometer system 70 measures the positional 
relationship of the reticle stage RST and wafer stage 
WST within the X-Y plane with the projection optical 
system PO. The laser interferometer RIFZ measures 
the positional relationship of the reticle R in the Z direc- 
tion with the projection optical system PO. The focus 
sensor 14 measures the positional relationship of the 
wafer W in the Z direction with the projection optical sys- 
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tern PO. The reticle stage RST, wafer stage WST, and 
projection optical system PO, therefore, can be respec- 
tively supported by different support members without 

staae X? ^ Wk * RST - 

stage WST and projection optical system PO are not 

equ.red to be mechanically connected to each other 

he .maging characteristics of the projection optical sys^ 

tern PO ls not affected by the reaction force generated 

" stan^T T °' *«» WST ™« "Me 

stage RST when accelerating or decelerating, or vibra- 
tion caused by respective support members. So natu- 

. rally, the reaction force generated upon movement of 
one stage will not affect the movement of the other 
stage via the support member. 

[0138] In this embodiment, the slit plate 44 has the 
first slit 44a for irradiating a portion of a reticle pattern 
with the illumination light EL, and the second slit 44b for 
irrad.at.ng a reticle alignment mark with the illumination 
light EL The driving mechanism 46 is provided to switch 
the first and second slits 44a and 44b with respect to the 
illummation light EL This makes it possible to arrange 
appropnate illumination areas for exposure and align- 
ment by using the same slit plate 44. In this case com- 
pared with an an-angement without the slit plate 44 the 
arrangement with the slit plate 44 increases the deg ee 

app Z TorZZ'r*™ 1 ShaPG ° f '"--tionlgh 

the P el 1 r ** '""IT? 0 " ,ight optical s^em onto 
the reticle r. Accordingly, the degree of freedom in 

T elemems structuring the mu ™*«°» 

light optical system increases. 

[0139] The exposure illumination light EL in this 
embodiment, is light in the soft X-ray region. On the 
wafer stage WST. the aerial image sensor>M servL 
as a position detection system which includes the fluo- 
rescent material 63. the slits SLT1 and SLT2 formed in 
he surface of the fluorescent material 63 by using the 
thm film of the reflecting layer 64, and the photoe.ec ric 
conversion device PM for photoelectrical? convert no 
light em,tted by the fluorescent material 63 when the 
exposure illumination light EL reaches the fluorescent 
material 63 via the slrts SLT1 and SLT2, are arranged 

Sr TT S r Si6le ,0 USe the ex P° sure "'^nation 
hght .n the soft X- ray region to also measure spatial 

nTE r n T " 9eneral ' th6re * n ° such mate- 
nal that transmits hght in the soft X-ray region. There- 
fore, by using this aerial image „ nsor FM th 
projection position of the reticle pattern on the wafer 
stage WST can be calculated easily. 
[0140] Furthermore, in this embodiment the oat- 
tern of the reticle R is made of the EUV light exposure 
il umination light) EL absorbing member forced as a 
Mr . on the EUV light EL reflecting iayer. Unlike the case 
V m f fi ' m made of a material meeting 
Son I oh,' T r69i0n Wh " h " ,he e *> os ™ "l^i 

oTTJS,' ? r ! n9 3 Pattem is possib,e in th * event 
of a patterning fa.lure. In addition, by appropriately 
selecting the materia, for the absorbing member above 
the exposure illumination light reflecting layer and 



40 



^orbing member can be arranged to have almost the 
same reflectivity with respect to a measurement beam 
(e.g. hght ,n the visible range) from the interferometer 

. Hi~ ; mak6S * P0SSible t0 measur e the 2-axis 
5 direction pos.tion of the reticle R with almost the same 

accuracy throughout the entire surface of the reticle R 
[0141] in the embodiment described above the 

si* c? a nT nati ° n ^ ' A " d6termined * «*i S 

ro *f?it PreS6nt invention is ™ 'imted 

to this. If each optic member of the illumination optical 
system can be designed so that the il.umination ligm e L 
has an arcuated shape, the slrt plate 44 directly below 
he ret,cle R does not have to be arranged 

is ml 42 K , Furthermore ' the reticle alignment marks 
RM12 in F,g. s, instead of the positions RM1 to RM6 In 

be required, thus omrtt.ng the driving mechanism 46 
Alternatively, reticle alignment marks may be forced Z t 
- all positions from RM1 to R M12 , and M o" them may be 

SI 431 k i" iS ° bVi ° US fr ° m the Ascription above in 
this embod,ment, the magnification changing untt 

* Th in1h?orT ti0n r 9nifiCati0n b V d-ing th'ereti 

7£ - RiFl 'Z , C ° mPriSeS the laser interferom- 
eters RIF2 for reticle surface measurement the maa- 

nehc levitation type two-dimensional linear actuator 36 
and the mam controller 80, however, the present invent 
2* im " ed t0 ^ That is ' ^e magnJicatbn 

be a unit which changes the optical characteristics of a 
projects optjcal system PL by partly adjusting the cur 
va ures of some mirrors configuring the projection opl 

[01 1 44] Fig. 1 3 shows an example of the projection 

STc s a r em po having mis ^ ° f °^ ai see 

40 Rsrf h 9 7 t09ether With the retic 'e stage 

«o RST and wafer stage WST. Referring to Fig. 1 3 the first 

mirror M1 is made of metal, and on the surface of he 

m-rror an EUV light reflecting layer is formed by all a 

multnayer film formed by alternately deposing Iters' 

<s T diff6rent ma,eria,s - Besid e the firs' ZZ 

<s Ml . the opfcal characteristic changing unit 59 for pari 

Z Tror ,h M e i CUrVatUre 01 the refl -ting surface o'f the" 
uSSr T S arran9ed - F ° r eXam P' e ' this c "«n9ing 
«hlM 0mied bV 3 mech «"ism having a drying 

so side i th/? ^ " PU " S 3 POrti ° n ° f the rear surface" 
so side of the reflecting surface of the first mirror M1 . In the 

Z 1?h 6 ! tP0SUre apparatus ^ving the changing unit 
til w° Pted m tb f present 'mention, the reticle R and 

tern of7hr t Ti r ° n0USly m ° Ved t0 tran s<erthe pat- 
tern o the ret.cle R onto the wafer W via the projection 
55 optea system PO. And prior to this transfer, tk cS, " 
-og , un* 59 adjusts the opfcal character^ oTthl ^ pro- 
ection optical system PO. Upon the transfer of the 
reticle pattern onto the wafer W, the positional relation 
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ship between the wafer and the projection area of the 
pattern image during the synchronous movement of the 
reticle R and the wafer W can be adjusted. This adjust- 
ment compensates the shift of the projection area of the 
pattern image within the image field of the projection 
optical system PO that is caused due to adjustment of 
the optical characteristics as described above. This 
adjustment of the positional relationship can be per- 

• formed by calculating the shifted amount of the projec- 

• tion area of the pattern image within the image field of 
the projection optical system PO based on the base line 

■ measurement results, after the optical characteristics 
have been adjusted, similar to embodiment above 
Alternatively, the shifted amount or the variation of 
baseline amount can be calculated based on the adjust- 
ment amount of optical characteristics and the shifted 
amount of the projection region for the pattern image 
relative thereof calculated in prior. And based on the 
results, the scanning starting position for exposure of 
each shot area on the wafer W can be adjusted This 
makes it possible to prevent or sufficiently suppress 
deterioration in overlay accuracy due to adjustment of 
optical characteristics. 

[0145J As a method to change the optical character- 
istics of the projection optical system including image 
forming characteristics such as the projection magnifi- 
cation of a ret.de pattern on a wafer, a method of con- 
trolling the magnification by changing the temperature 
of the reticle can be used. In the case where the projec- 
tion magnification or the like is changed by such a 
method, the present invention can be applied and base- 
line measurement can be performed, thus, the posi- 
tional shift of a pattern image due to a change in 
projection magnification or the like can be corrected 
[0146] in the embodiment above, the projection 
magnification is controlled based on the wafer align- 
ment results. The present invention, however, is not lim- 
ited to this. When controlling the projection 
magnification input in advance in an exposure condition 
setting file, or when the temperature of a reticle rises 
during exposure due to exposure light or the like or the 
magnification is controlled in accordance with the ther- 
mal expansion amount of the reticle. In any of these 
cases, the reticle can be moved vertically for magnifica- 
tion control, and by correcting the baseline amount as in 
the above case the positional shift of the pattern image 
due a change in magnification can be corrected. 
[0147] As described previously in the embodiment 
the off-axis alignment optical system is used as a mark 
detection system. However, the present invention is not 
limited to this. In the case an exposure position does not 
co.nc.de with the irradiation position of an alignment 
beam, such as using a TTL (Through The Lens) or 
TTR(Though The Reticle) type on-axis alignment opti- 
cal system as a mark detection system, performing 
baseline measurement after a change in magnification 
is still effective. 

[0148] in the above embodiment, measurement of 



reticle alignment marks by the aerial image sensor hM 
and measurement of reference marks by the alignment 
optical system ALG are performed at different times 
However, the present invention is not limited to this Ret- 
s icle alignment marks may be detected (spatial image 
measurement) through the silts SLT1 and SLT2 by using 
a large aerial image sensor at simultaneously when the 
reference marks are measured by the alignment optical 
system ALG. In this case, the surface of the aerial 
w image sensor FM is preferably tilted to control the Z 
posrtion of the surface of the aerial image sensor FM to 
the focal positions of the projection optical system PO 
and alignment optical system ALG at the positions of 
the aerial image sensor FM and reference marks. 
« [0149] Wafers of the same lot are processed in the 
same step, and hence the expansion/contraction 
amount of the wafers are expected to be almost equal 
Accordingly, when one lot has 20 wafers, the calculated 
expansion/contraction amount of the first wafer does not 
20 differ much from that of the second to 20th wafers 
respectively. More specifically, it is empirically known 
that when the first wafer has expanded by 10 ppm with 
respect to a reference value (e.g., design value) the 
second and subsequent wafers expand by about (10 ± 
25 0.5) ppm with respect to the reference value In this 
case, therefore, after the reticle R is moved away from 
the projection optical system PO by 40 urn on exposing 
the first wafer, it suffices for the reticle R to be driven in 
the Z direction (vertically moved) within the range of ±2 
30 urn with reference to the preceding position in exposing 
the second and subsequent wafers. The shift amount of 
the reticle image on the wafer, which corresponds to the 
Z-direction driving of the reticle R, is ±25 nm, therefore 
even if an error as large as 10% occurs for some rea- 
35 son, the error is equivalent to about ±2.5 nm. This value 
is almost equal to the accuracy when baseline meas- 
urement is reproduced, thus eliminating the necessity 
for re-measurement. The second embodiment has been 
provided in consideration of such a situation 

40 

((Second Embodiment)) 



[01 50] Next, the second embodiment of the present 
invention will be described with reference to Fig 14 The 
« units configuring the second embodiment are the same 
as those of the first embodiment, and the second 
embodiment differs from the first embodiment only par- 
tially in the control operation performed by a main con- 
troller 80 in the exposure process for the second and 
so subsequent layers. The following description, therefore 
will have a particular emphasis on this point. Compo- 
nents identical or equivalent to those described in the 
first embodiment are designated with the same refer- 
ence numerals. 

55 [0151] The sequence shown in the flow chart of Fig 
13 starts when preparatory operations such as wafer 
loading (reticle loading in some case) are completed 
[01 52] In step 200, the main controller 80 performs 
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wafer alignment by EGA or the like identical as in step 
100 described above. In the next step 202, the main 
controller 80 calculates the control amount of the pro- 
jection magnification, that is the driving amount of the 
reticle R in the Z direction. This calculation is based on « 
the alignment measurement results by EGA as 
described above, so that the size of the reticle pattern 
•mage accurately coincides to the shot area on the 
wafer W. Then the main controller 80 drives the reticle R 
via a magnetic levitation type two-dimensional linear m 
actuator 34 based on the calculated amount in the 2 
direction (vertical direction). 

[0153] In step 204, the main controller 80 checks 
whether the wafer W as an exposure object is the first 
wafer of a lot. If affirmative in step 204, the flow is 
advances to step 208. The main controller 80, as 
explained earlier in the first embodiment and similar to 
the steps 106, 102 then 104 in this order, repeats the 
steps 210, 202, 204, 208 to 210 in a loop until the 
adjustment residual error of the projection magnification 20 
does not exceed the acceptable amount(e.g., 0.2 ppm) 
. That is, drive the reticle R in the Z-direction, baseline 
measurement and projection magnification measure- 
ment, and compare the results with the acceptable 
amount. When the adjustment residual error of the pro- es 
jection magnification becomes within the acceptable 
amount, the flow then advances to step 212. In this step 
similar to step 1 08 described earlier, the main controller 
80 performs exposure by the step-and-scan method 
using EUV light as exposure illumination light EL thus 30 
completing a series of steps for processing a wafer W 
As described above, for the first wafer of the lot the 
same operation as that of the first embodiment 
described earlier is performed. Accordingly, before the 
first wafer of the lot is exposed, therefore, the baseline 35 
amount is actually measured in step 208 and is stored in 
a memory 81 serving as a memory unit. 
[0154] On the other hand, on exposing the second 
or subsequent wafer W of the lot the judgement on step 
204 becomes negative, therefore, baseline measure- 40 
ment .s not performed and hence the flow advances to 
step 206. In this step, the main controller 80 calculates 
the change in baseline amount by using a proportional 
constant F. The proportional constant F shows the rela- 
tionship between the driving amount of the reticle R in 45 
the Z direction which amount is already determined 
and the shifting amount of the reticle pattern image on 
the wafer W, e.g.. F = 12.5 nm - 1 um = 12 5 x 10" 3 
Based on the calculation results, the main controller 80 
corrects the baseline amount stored in the memory 81 so 
i.e., updates the baseline amount. 
[0155] After the baseline amount is updated the 
flow advances to step 212, in which the main controller 
80 performs exposure by the step-and-scan method 
using EUV light as the exposure illumination light EL as 55 
in step 108 described above, thus completing a series 
of steps for processing a wafer W. 
[0156] As is obvious from the description above, in 



the second embodiment, the main controller 80 incorpo- 
rates the functions of a calculation unit and a second 
control unit as well as a control unit 
[0157] In the second embodiment as described 
above, when transferring a reticle pattern on a wafer 
other than the first wafer of a lot the reticle R is driven in 
the 2 direction to change the projection magnification of 
a projection optical system PO. Upon driving the reticle 
R, the mam controller 80 corrects the baseline amount 
in the memory 81 based on the relationship between 
the dnving amount of the reticle R in the Z-direction 
already determined, and the shifting amount of the reti- 
cle pattern image on the wafer W. Accordingly just by 
calculation, the positional shift of the projection position 
of a reticle pattern image on a wafer, which occurs when 
the projection magnification changes, can be corrected 
making it possible to prevent or sufficiently suppress' 
deterioration in overlay accuracy due to a change in pro- 
jection magnification. In addition, since baseline meas- 
urement does not have to be repeated, the throughput 
can be increased. 

[0158] Alternative to the judgement in step 204 
described in the above embodiment, the main controller 
80 may judge whether the amount of magnification 
change in step 202 is larger than a predetermined 
threshold. In such a case as well, the effects are similar 
to those described above. That is, the concept of correc- 
tion of a baseline amount by calculation in the second 
embodiment is especially effective, when the driving 
amount range of the reticle R in the Z-direction i e a 
projection magnification control value, is small. 
[01 59] The amount shifted of a reticle image on the 
wafer W with respect to the driving amount of the reticle 
,n the Z-direction is, apparently, determined from the 
design information of the projection optical system PO 
This amount, however, may be actually measured in 
advance .n the process of making and adjusting an 
exposure apparatus. 

[0160] An exposure apparatus 10 of this embodi- 
ment can be made by incorporating an illumination sys- 
tem and projection optical system configured of a light 
source, a plurality of lenses, and the like in an exposure 
apparatus body and performing optical adjustment 
Also, a reticle stage, wafer stage, two-dimensional lin- 
ear actuators 34 and 62, interferometers RIFZ and 70 
and the like, which are made up of many mechanical 
parts, are incorporated in the exposure apparatus body 
and connected by wiring and piping. The respective 
components are then connected to a control system 
such as a main controller that functions as a magnifica- 
tion changing unit, correction unit, and the like. Finally 
overall adjustment (electrical adjustment, operation 
check, and the like) is performed. An exposure appara- 
tus is preferably made in a clean room in which temper- 
ature, degree of cleanliness, and the like are controlled 
[0161] The projection optical system and illumina- 
tion optical system in the first and second embodiment 
are merely examples and the present invention is not 
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limited to them. In each embodiment described above 
the present invention is applied to the EUV exposure 
apparatus having the reflection and all reflection optical 
system. The present invention, however, can be suitably 
applied to any type of exposure apparatus. The expo- 
sure apparatus can be a scanning type or a static expo- 
sure type, or any other, so long as it has a projection 
optical system that is non-telecentric on the mask side 

• and the projection position of a mask pattern image on 

• a substrate deviates upon the change of the projection 
magnification of the projection optical system. 

- [01 62] The technical idea of the present invention to 
move a mask in the optical axis direction of the projec- 
tion optical system to the change a projection magnifi- 
cation, and correct a positional shift of a pattern image 
caused by the magnification change, is not limited to the 
^Posure apparatus. It can be suitably applied to 
any other exposure apparatus so long as it uses a com- 
bination of a reflection type mask and a reflection optical 
system. K 

[0163] In the earlier description, baseline measure- 
ment is redone to obtain the amount shifted of the pro- 
jection image of a reticle pattern or a baseline variation 
amount. These changes occur when the image forming 
characteristics of the projection image of the reticle pat- 
tern or the optical characteristics of the projection opti- 
cal system are proactively changed by vertically moving 
the reticle or using the optical characteristic changing 
unit or the like. The baseline amount, however, also var- 
ies as the reticle thermally expands when it absorbs 
exposure illumination light. Therefore, a acceptable 
value may be determined in advance with respect to the 
changing amount of the reticle itself by thermal expan- 
sion, and the reticle may be monitored during exposure 
When the monitored reticle reaches the acceptable 
value, baseline measurement can be redone. For exam- 
ple, a function of the relationship between the absorp- 
tion of illumination light by the reticle and the thermal 
expansion of the reticle can be determined in advance 
by experiment or simulation, and a light amount monitor 
can be installed on the reticle stage. The amount of light 
can be then measured during wafer exchange and an 
irrad.ation amount is calculated by using the measure- 
ment value from the light amount monitor during expo- 
sure of the wafer. The irradiation amount and the 
function above can be used calculate the changing 
amount of the reticle by thermal expansion, and the 
changing amount can be updated sequentially at appro- 
priate intervals. Upon completing the exposure of the 
wafer, the changing amount of the reticle by thermal 
expansion can be checked, whether the amount has 
reached the acceptable value, and if it has, baseline 
measurement may be redone. In this case, only the pro- 
jection images of reticle marks need to be measured by 
the aerial image sensor FM. In addition, the check of the 
changing amount of the reticle can be performed after 
the exposure of a predetermined number of wafers 
instead of just one wafer. 



[0164] The temperature distribution of a reticle can 
be measured based on the measurement values from 
the temperature sensors on the reticle stage and the 
changing amount of the reticle by thermal expansion 
5 can also be estimated by the temperature distribution 
In this case, regardless of the exposure illumination light 
being applied or not, the changing amount of the reticle 
by thermal expansion can be estimated accurately to 
some extent based on actual measurement, 
'f [0165] Likewise, each mirror of the projection opti- 
cal system deforms upon absorbing illumination light 
and the image forming characteristics such as the dis- 
tortion of the projection optical system vary. Similar to 
the case of the thermal expansion of the reticle there- 
's fore, a acceptable value for the changing amount of 
•mage forming characteristics or the deformation 
amount of each mirror may be predetermined, and the 
amounts may be monitored. When this change amount 
reaches the acceptable value, baseline measurement 
» and measurement on image forming characteristics 
may be redone with the aerial image sensor FM as 
described previously. On calculating the changing 
amount of the reticle by thermal expansion and image 
forming characteristics, it is obvious that the changing 
25 amount needs to be an overall amount. That is, the 

of exposure light (a direction 
m which the temperature rises) and a change when irra- 
diation of exposure light stops (a direction in which the 
temperature drops) need to be considered and the 
so function of the relationship described above covers this 
requirement. 

[0166] In each of the previous embodiments as the 
illumination light EL, EUV light having a wavelength of 
13.4 nm is used. Alternatively, EUV light having a wave- 
as length of 1 1 .5 nm may be used. In this wavelength 
range, a multilayer film formed by alternately depositing 
layers of molybdenum and beryllium is to be formed on 
the surface of an optic element. In the case of transfer- 
ring a 70-nm L/S pattern or a 50-nm isolated pattern a 
40 projection optical system which has a numerical aper- 
ture of about 0.1 to 0.12 is used for EUV light having a 
wavelength of 13.4 nm, whereas a projection optical 
system which has a numerical aperture of about 0 08 to 
0.1 is used for EUV light having a wavelength of 1 1 5 
«s nm. 

[0167] The light source unit 12 in the embodiments 
above uses a tape target such as a copper tape Atter- 
natively, a gas jet target or cryotarget may be used And 
instead of the laser plasma light source, SOR may be 
so used. 

[0168] in the above embodiments, the illumination 
area has an arcuated shape. However, the present 
invention is not limited to this. Even with an EUV expo- 
sure apparatus, an illumination area can be determined 
55 in the form of a rectangular slit. In this case, however 
the number of mirrors structuring the projection optical 
system need to be slightly increased. 
[0169] in the first and second embodiments, the 
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movable blind 42 and slit plate 44 (field stop) are 
arranged near the pattern surface of the reticle R. How- 
ever, at least one of the movable blind 42 and slit plate 
44 can be arranged in a plane almost conjugate to the 
pattern surface of the reticle R within the illumination 
optical system. 

[0170] In each embodiment described above, the 
present invention is applied to the exposure apparatus 
using EUV light as an exposure illumination light. How- 
ever, the present invention is not limited to this. For 
example, similar effects can be obtained by applying the 
present invention to an exposure apparatus using ultra- 
violet light as long as it has a reflection system struc- 
tured by only reflection optical elements. It can also be 
applied to a reflection/refraction system (catadioptric 
system) including reflection optical elements and refrac- 
tion optic elements as a projection optical system. For 
example, in an exposure apparatus using a vacuum 
ultraviolet light (VUV light) having a wavelength of about 
200 nm or less, a reflection/refraction system may be 
used as a projection optical system. In this case, an 
optical characteristic changing unit like the one shown 
in Fig. 13, which changes the curvatures of some of 
reflection optical elements (e.g., a concave mirror and 
mirror) may be used as a magnification changing unit. 
[0171] In this case, as a reflection/refraction type 
projection optical system, the following system can be 
used: a reflection/refraction system having a beam split- 
ter and concave mirror as reflection optical elements, 
which is disclosed in, for example, Japan Patent Laid 
Open No. 08-171054, U.S. Patent No. 5,668,672 corre- 
sponding thereto, Japan Patent Laid Open No 10- 
20195, and U.S. Patent No. 5,835,275 corresponding 
thereto, or a reflection/refraction system having a con- 
cave mirror and the like as reflection optical elements 
without using any beam splitter, which his disclosed in, 
for example, Japan Patent Laid Open No. 8-334695,' 
U.S. Patent No. 5,689,377 corresponding thereto! 
Japan Patent Laid Open No. 10-3039, and U.S. Patent 
Application No. 873,605 (application date: June 12, 
1997) corresponding thereto. The above disclosures 
are fully incorporated by reference herein, as long as 
national laws in designated states or elected states, to 
which this international application is applied, permit' 
[0172] In addition, the reflection/refraction system 
disclosed in U.S. Patent Nos. 5,031,976, 5,488,229, and 
5,717,518 may be used. In the disclosure, a plurality of 
refraction optic elements and two mirrors (a main mirror 
which is a concave mirror, and a sub-mirror which is a 
rear mirror having a reflecting surface formed on a sur- 
face of a refraction element or plane-parallel plate which 
is located on the opposite side of the incident surface) 
are arranged coaxially, and an intermediate image of a 
reticle pattern formed by the plurality of refraction optic 
elements re-formed on a wafer by the main mirror and 
sub-mirror. In this reflection/refraction system, the main 
mirror and sub-mirror are arranged following the plural- 
ity of refraction optic elements, and illumination light 



passes through a portion of the main mirror to be 
sequentially reflected by the sub-mirror and main mirror, 
and reaches the wafer through a portion of the sub-mir- 
ror. The above disclosures are fully incorporated by ref- 
5 erence, as long as national laws in designated states or 
elected states, to which this international application is 
applied, permit. 

[01 73] As a reflection/refraction type projection opti- 
cal system, a reduction system maybe used, which has, 
io for example, a circular image field, and is double tele- 
centric on the object surface side and the image surface 
side, and has a projection magnification of 1/4 or 1/5. A 
scanning exposure apparatus having this reflec- 
tion/refraction type projection optical system may be a 
15 type in which an illumination area for illumination light is 
determined so that it is almost centered on the optical 
axis of the projection optical system within its field of 
view. And, the illumination area extends along a direc- 
tion perpendicular to the scanning direction of a reticle 
20 or wafer, and the shape may be a rectangular slit. With 
a scanning exposure apparatus having such a reflec- 
tion/refraction type projection optical system, a fine pat- 
tern almost equal to 100-nm US pattern can be 
transferred onto a wafer with high precision, by using an 
25 F 2 laser beam having a wavelength of 1 57 nm as expo- 
sure illumination light. 

[0174] The above embodiments have been 
described with particular emphasis on the case wherein 
magnification, being a part of optical characteristics is 
30 adjusted by using the optical characteristics changing 
unit. In this case, the projection magnification is 
adjusted to adjust the shift (positional shift) of the pro- 
jection region of a pattern image. If the object surface 
side is telecentric, for example, distortion is adjusted by 
35 vertically moving the reticle, therefore, magnification is a 
broad concept including distortion. 
[0175] As vacuum ultraviolet light, an ArF excimer 
laser beam or F 2 laser beam is used. A harmonic, which 
is obtained by amplifying a single- wavelength laser 
40 beam in the infrared or visible range being emitted by a 
DFB semiconductor laser or fiber laser with a fiber 
amplifier doped with erbium (or both erbium and ytter- 
ibium), and converting the wavelength into ultraviolet 
light using a nonlinear optical crystal, may also be used. 
45 [0176] If, for example, the oscillation wavelength of 
a single-wavelength laser is set within the range of 1 .51 
to 1.59 u,m, an eighth- harmonics whose generation 
wavelength falls within the range of 189 to 199 nm or a 
tenth-harmonics whose generation wavelength falls 
so within the range of 1 51 to 1 59 nm is output. If the oscil- 
lation wavelength is set in the range of 1.544 to 1.553 
Mm, in particular, an eighth-harmonics whose genera- 
tion wavelength falls within the range of 193 to 194 nm, 
i.e., ultraviolet light having almost the same wavelength 
55 as that of an ArF excimer laser beam, can be obtained. 
If the oscillation wavelength is set within the range of 
1.57 to 1.58 u.m, a tenth -harmonics whose generation 
wavelength falls within the range of 157 to 158 nm, i.e., 
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step), an e.ectrode is formed L 1 { T^ 6 f ° mation 
osition. m step pi J ° the wafer ^ W dep- 

live steps. -»"«=s mg ^, ulrea h tte 

respec- 

KSpJ^CJ?: P T Pr0C6SS - '-P'eted in 
ess is executed a? o ^ J^T' ' P ° St - pr ° C - 
-P216 (resist S^^ZT^T^ **■ h 
a Photosensitive aoent r ' S 00atod with 

Pattern on the f «™* 

above exposure an^^T ,Dec ' onto tne wafer by the 
217 (developing SpMh"? Then ' in ste P 

step ^B^S^"^^^*-"*^ 

removed by etohino Pb»n ? 6 res,st ,s left *s 

removed. after the etc n'ng is 

indTos^ ^ P-P-ess 

on the wafer ^ ^ pattems are *>rmed 

Sactur^rrhXt; 6 ' ^ USin9 ^ deViCe 
a^re apparatus tT and embodi mant, the expo- 
above are ule d > Z meth ° d desc ribed 

T-s -kesTp^ib^^ 216 >- 

m-odevices with nigh ProductM^^ 



Process wil, be described in detaTn^t rth ° 9faphiC 

manufactun^g^ 1 ^: 2S?r ,B " eXamP ' eof 
an -C or LSI, a ^1^^^^^^.^ - 50 

tion is «W^iC2SS^ imP ' ement ^ fUnC " » 
a mask onlhici, ^S^SS^^* 8 ^ 
« manufactured. In step ! P ttern ' S formed 

step 203 (wafer manufacturing 



«5. crsrr," -r- 

ton are suited to overlay 7n,,"l ^ PKSent inven - 

tems on a substrate Sch as a wa°e MnTlfh"" 6 1" 
process for manufacturing a mtavll l,tn 09raphy 
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method according to the present invention is suited to 
manufacturing a devk:e having a fine pattern 

Claims 
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a projection optical system to project' snM .... 

a magnification changing unit to change a om 
fection magnificat of said projec^cS 

a substrate stage to hold said substrate- 
a mark detection system t0 detect g 
located on said substrate stage- and 
a correction unit to correct a shift of a projection 
pos.tion of a pattern on said mask after a nto 
n^on change on t.nsferring said patted 
u , mask onto said substrate, by usina a 
basely amount of said mark detection ZZm 

chan e "aST^ * ^ 
said ml f ma 9 nificati °" change made by 
said magnification changing unit. 

^exposure apparatus according to Cairn 1, 

referencrmS" 006 mark hclud "™ a «P««c 
reference mark provided on said substrate 

mark and a projection position of a pattern 
-age of said mask on said substrate ^ 

c^aZl 0 " r 1 inC ' UdeS 9 « -"It for 
so^ 9 w Se " ne am0Unt whi <=h corre- 
sponds to sa,d magnification change, based on 
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a result obtained by detecting said posi- 
Aonal relationship by using said p i n 
detection system, and 
a result obtained by detecting one of said 
specfic reference mark on said sub ^ 

stage and a different reference mark S „ 
relationship with , he specie reference 
™rk • predetermined by using said mark 
detection system. ™ rK 

l2° SUre aPParatUS aCCOrdi " Q * Claim 2 , 55 
said mark detection system includes a focus 



detection system, and 

said exposure apparatus further comprises an 
adjustment unit for adjusting a position ofsaid 

p sShf 9e : n an opticai axfe 

mark L^- * 3 f0Cal positk >" <* said 
mark detection system, based on a detection 

result obtained by said focus detec^nWem 

*2iT::? amark ,ocated - 

strate stage by us.ng said mark detection sys- 

4 ' Cherir 1 " aPParatUS aCCOrd ^ * Ciaim 

at least one reference mark including a specific 
reference mark is provided on said^ub^ 

said exposure apparatus further comprises a 

said correction unit includes 

a memory unit to store a baseline amount 
of said mark detection system, said base 

resuj of said posjtjon detect . 

of said a ""J obtained b * dete «"S S 

of sa,d specrfic reference mark on said 

mark wh,ch relationship with said spSfc 
reference mark is predetermined by uS a 
said mark detection system, and 9 
! ca,cula «on unit to correct said baseline 
amount stored in said me m„„ e,,ne 
accordance wit£ said m ^ ^ 
change by caJaL ma 9 nrf ' ca «°n 

l7ZZT mUS aCCOrdi " 9 to of Claim 2 

"id position detection system is a aerial imaoe 
sensor which is formed on said suS 
stage, and includes substrate 

a fluorescent material 

a thin film made on a surface of said fluo- 
rescent material, said thin film structured 
of one of a reflecting layer and an absom 

sure, sa,d thin film having an openino 
formed which also serves as said S S 
reference mark, and specific 

a photoelectric conversion device to photo- 
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electrically convert light generated from 
said fluorescent material, said illumination 
light for exposure reaches said fluorescent 
material via said opening on conversion. 

An exposure apparatus according to Claim 1, 
wherein said magnification changing unit is a unit to 
drive said mask in an optical axis direction of said 
projection optical system. 



7. An exposure apparatus according to Claim 1, 
wherein 

said projection optical system is an optical sys- 
tem which includes a reflection optical element, 
and 

said magnification changing unit is an optical 
characteristic changing unit to change optical 
characteristics of said projection optical sys- 
tem. 
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An exposure apparatus according to Claim 7, 
wherein said optical characteristic changing unit 
changes a curvature of said reflection optical ele- 
ment. 25 



9. An exposure apparatus according to Claim 1, 
wherein 



said projection optical system is an optical sys- 
tem which includes a reflection optical element, 
said exposure apparatus further comprises a 
mask stage to hold said mask, and a driving 
unit to synchronously move said mask stage 
and said substrate stage in a first direction per- 
pendicular to an optical axis direction of said 
projection optical system, and 
said magnification changing unit is a unit to 
change said magnification of said projection 
optical system in a second direction perpendic- 
ular to said optical axis direction and said first 
direction by driving said mask in said optical 
axis direction of said projection optical system 
via said mask stage. 

10. An exposure apparatus according to Claim 9, 
wherein said illumination light for exposure is light in 
the vacuum ultraviolet range. 

11. An exposure apparatus according to Claim 9, 
wherein said projection optical system is a reflec- 
tion optical system configured by only reflection 
optical elements, and said mask is a reflection type 
mask. 

12. An exposure apparatus according to Claim 11, 
wherein said illumination light for exposure is light in 
the soft X-ray region. 
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13. An exposure apparatus according to one of Claim 2 
and 4, further comprising: 

a focal position detection system to detect a 
position of said substrate on said substrate 
stage in an optical axis direction of said projec- 
tion optical system; and 
a stage control unit to offset said focal position 
detection system which corresponds to a driv- 
ing amount of said mask in said optical axis 
direction by said magnification changing unit, 
and feedback-control said position of said sub- 
strate stage in said optical axis direction based 
a detection result obtained by said focal posi- 
tion detection system. 

14. An exposure apparatus according to Claim 1, 
wherein 

said apparatus further comprises a detection 
unit to detect a plurality of alignment marks on 
said substrate by using said mark detection 
system prior to transfer of said pattern of said 
mask onto said substrate, and 
said magnification changing unit changes said 
magnification based on position detection 
results of said plurality of alignment marks of 
said detection unit. 

15. An exposure apparatus according to any one of 
Claims 1,2,4, 6, 7, and 9, wherein said projection 
optical system is non-telecentric on said mask side. 

16. An exposure apparatus of repeatedly transferring a 
pattern of a mask onto a substrate, comprising: 

an illumination system to irradiate said mask 
with an illumination light for exposure; 
a projection optical system to project said illu- 
mination light for exposure outgoing from said 
mask onto said substrate; 
a substrate stage to hold said substrate; 
a mark detection system to detect a mark 
located on said substrate stage; 
a judgement unit to judge whether it is neces- 
sary to update a baseline amount of said mark 
detection system based on a predetermined 
judgement condition; 

a baseline updating unit to calculate a new 
baseline amount when a result of said judge- 
ment unit is affirmative; and 
a stage control unit to control a position of said 
substrate stage by 

using said baseline amount of said mark 
detection system which is obtained prior to 
transfer of said pattern of said mask onto 
said substrate, when said result of said 



>ISDOCID;<EP 1061561A1 I > 



28 



55 



EP 1 061 561 A1 



56 



judgement unit is negative, and 

using said new baseline amount to transfer 
said pattern of said mask onto said sub- 
strate, when said result of said judgement 
unit is affirmative. 5 

17. An exposure apparatus according to Claim 16, 
wherein said judgement unit determines whether it 
is necessary to update said baseline amount of 
said mark detection system, depending on whether w 
said substrate, as an object onto which said mask 
pattern is to be transferred, is a first substrate of a 

lot. 

18. An exposure method of transferring a pattern 75 
formed on a mask onto a substrate through a pro- 
jection optical system while synchronously moving 
said mask and said substrate, wherein 

on transferring said pattern of said mask irradiated 
with said illumination light onto said substrate 20 
tnrough said projection optical system, a pattern 
surface of said mask is irradiated with an illumina- 
t on light for exposure at a predetermined incident 

r.ng e. and 

25 

a des red projection magnification of said pro- 
jection optical system in a direction perpendic- 
ular to said synchronously moving direction is 
set. and 

a position of said substrate is controlled by 30 
using a baseline amount of a mark detection 
system to detect an alignment mark on said 
substrate which corresponds to said desired 
projection magnification. 

35 

19. An exposure method according to Claim 18, 
wherein said baseline amount corresponding to 
said desired projection magnification is a baseline 
amount detected after said desired projection mag- 
nification is set. 40 

20. An exposure method according to Claim 18, 
wherein said baseline amount corresponding to 
said desired projection magnification is a baseline 
amount previously obtained and corrected by calcu- 45 
lation in accordance with said projection magnifica- 
tion. 

21. An exposure method according to any one of 
Claims 18 to 20, wherein said mask is a reflection so 
type mask, and said projection optical system is a 
reflection optical system. 

22. An exposure method of transferring a pattern 
formed on a mask onto a substrate through a pro- 55 
jection optical system while synchronously moving 
said mask and said substrate, wherein 



optical characteristics of said projection optical 
system are adjusted prior to transfer, and 
a positional relationship between a projection 
area of a pattern image and said substrate dur- 
ing said synchronous movement is adjusted so 
as to compensate a shift of said projection area 
in an image field of said projection optical sys- 
tem. 

23. An exposure method according to Claim 22, 
wherein 

an exposure position is determined by posi- 
tional information obtained by detecting a mark 
on said substrate by using a mark detecting 
system, and 

said positional relationship between said pro- 
jection area and said substrate is adjusted by 
synchronous movement of said substrate with 
respect to said mask, said substrate controlled 
in accordance with a baseline amount of said 
mark detection system after adjustment of said 
optical characteristics and said predetermined 
exposure position information. 

24. An exposure method according to Claim 22, 
wherein said synchronous movement uses one of 

said baseline amount of said mark detection 
system which is measured after adjustment of 
said optical characteristics, and 
said baseline amount of said mark detection 
system which is calculated from the adjusted 
optical characteristics. 

25. An exposure method according to any one of 
Claims 22 to 24, wherein a projection magnification 
of said pattern image in a direction perpendicular to 
said synchronous moving direction of said sub- 
strate is adjusted by moving said mask in a direc- 
tion along an optical axis of said projection optical 
system based on at least one of 

a plurality of positional information obtained by 
detecting a plurality of marks on said substrate 
by using said mark detection system, and 
a plurality of positional information obtained by 
detecting a plurality of marks on said mask 
through the projection optical system. 

26. An exposure method according to any one of 
Claims 22 to 24, wherein said mask is a reflection 
type mask irradiated with an illumination light for 
exposure which principal ray tilts with respect to a 
pattern surface of said mask, said illumination light 
being an extreme ultraviolet light which has a spec- 
trum within a wavelength range of 5 to 15 nm, and 
said projection optical system being non-telecentric 
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on said mask side and configured only by a plurality 
of reflection optical elements. 

27. An exposure method of repeatedly transferring a 
pattern of a mask onto a substrate through a pro- 
jection optical system, comprising: 

a first step of monitoring a change in physical 
quantity which becomes a factor that changes 
a baseline amount of a marie detection system 
for detecting a mark on the substrate; 
a second step of judging whether it is neces- 
sary to update said baseline amount of said 
mark detection system, which depends on 
whether said physical quantity exceeds a pre- 
determined acceptable value; and 
a third step of obtaining a new baseline amount 
when a judgement result is affirmative and con- 
trolling a position of said substrate by using 
said new baseline amount, and controlling said 
position of said substrate by using said base- 
line amount of said mark detection system 
when the judgement result is negative, and 
performing exposure. 

28. An exposure method according to Claim 27, 
wherein said physical quantity monitored in said 
first step is a changing amount of said mask by 
thermal expansion. 

29. An exposure method according to Claim 28, 
wherein said changing amount of said mask by 
thermal expansion is estimated based on a meas- 
urement result on a temperature distribution of said 
mask. 

30. An exposure method according to Claim 27, 
wherein said physical quantity monitored in said 
first step is an image forming characteristic of said 
projection optical system. 

31. An exposure method according to Claim 27, 
wherein 

said projection optical system is an optic sys- 
tem including a mirror, and 
said physical quantity monitored in said first 
step is a deformation amount of said mirror. 

32. A method of making an exposure apparatus for 
transferring a pattern of a mask onto a substrate, 
comprising: 

the step of providing an illumination system to 
irradiate said mask with an illumination light for 
exposure; 

the step of providing a projection optical sys- 
tem to project said illumination light for expo- 
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sure outgoing from said mask onto said 
substrate; 

the step of providing a magnification changing 
unit to change a projection magnification of 
s said projection optical system; 

the step of providing a substrate stage to hold 
said substrate; 

the step of providing a mark detection system 
to detect a mark located on said substrate 
io stage; and 

the step of providing a correction unit to correct 
a shift of a projection position of said pattern of 
said mask after a magnification change upon 
transferring said pattern of said mask onto said 
is substrate, by using a baseline amount of said 

mark detection system which corresponds to 
said magnification change, said magnification 
change made by said magnification changing 
unit. 

20 

33. A method of making an exposure apparatus 
according to Claim 32, further comprising: 

the step of providing a mask stage to hold said 
25 mask; and 

the step of providing a driving unit to synchro- 
nously move said mask stage and said sub- 
strate stage in a first direction perpendicular to 
an optical axis direction of said projection opti- 
30 cal system. 

34. A device manufacturing method including a lithog- 
raphy process, wherein said lithography process 
comprises using said exposure apparatus in Claim 

35 1 or 16. 

35. A device manufacturing method including a lithog- 
raphy process, wherein said lithography process 
comprises performing exposure by using said expo- 
se? sure methods in any one of Claims 1 8, 22, and 27. 

36. A device manufactured by using said exposure 
method in any one of Claims 18, 22, and 27. 
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